
Chapter 10: Photosynthesis


I. The Chloroplast as a Photosynthetic Machine



A. In Eukaryotes, Photosynthesis Occurs in the


B. Internal membranes organized into flattened sacs called 



C. Numerous thylakoids stacked in arrangements called 



D. Photosynthetic pigments bound to membranes in thylakoids



E. Architecture of the Chloroplast




1. Membrane is impermeable to most 




2. Proton transit occurs through transmembrane channels




3. Exit of protons from interior is driven by 




4. Occurs at


 proton channels




5. Channels are knobs on external surface of 




6. ATP released into surrounding fluid within chloroplast, the 




7. Stroma contains enzymes of the 




8. Catalyze reactions that fix carbon and use 




9. Thylakoid membrane pumps protons from 




10. ATP produced on stroma side as H+ pass back through membrane 



F. The equation for photosynthesis is :


G. The light dependent reactions occur within the                     membranes

                               Within the



H. Less Than       % of the Sun's Energy Is Captured in Photosynthesis 


II.  An Experimental Journey



A. Van Helmont's Plant Growth Experiments




1.             did not add mass to a growing plant



B. The Role of Water




1. Experiments by Priestly to determine nature of ai





depleted.  Mouse could breathe in jar after plant but not before




2.  Ingenhousz reproduced experiments




3. Proposed that plants split CO2 into 




4. Carbon and water combined to form 



C. Van Niel examined photosynthesis in bacteria




1. Purple sulfur bacteria convert H2S into sulfur, do not release 




2. Proposed H2O is an electron donor, product A comes from 





splitting H2O




3. Thus O2 from photosynthesis comes from 



D. The Role of Light




1.Blackman's experiments determined that photosynthesis has 




2. Measured effects of changing light 




3.  "light" reactions               of temperature, "dark"




    reactions independent of




4. At temperatures above         ° enzymes became denatured



5. Hill showed that plants can use light to generate 





1. First stage requires              ,              electron carriers, 





makes       from ADP





2. In second stage carriers and ATP reduces     in CO2 and makes 





3. 

 incorporates CO2 carbon into glucose in 





4. Photosynthesis is a 





5.     


 drives reduction of carrier molecules





6.

 to the electron path in oxidative respiration





7. Electrons in respiration lose 
 going from sugar to oxygen





8. Mitochondria use released energy to make 





9. Electrons in photosynthesis must

 going from water 




               to sugar




10. Energy provided by the sun


III. The Biophysics of Light



A. The Photoelectric Effect




1. Photoelectric effect discovered by Heinrich Hertz




2. Light consists of units of energy called 



B. The Energy in Photons




1. Photons possess differing amounts of energy




2. Energy content                       proportional to the wavelength 




3. Highest energy wavelengths are 




4. Least energetic wavelengths are




5. Energy in visible light




6. Violet has short wavelength and




7. 

has long wavelength and low energy photons



C. Ultraviolet Light




1. Sunlight contains short, energetic ultraviolet light




2. Was a probable source of energy in the primitive earth




3. Current earth shielded by the 




4. Ultraviolet light causes 



D. Capturing Light Energy In Chemical Bonds




1. Electrons occupy discrete 

 while orbiting in their atoms




2. Specific atoms can absorb only certain photons of light




3. Any given molecule has a characteristic 



E. Pigments




1. Defined as 




2. Carotenoids -





a. Carbon ring linked to chains with alternating double, single bonds





b. Absorb photons over a 






c. Include




3. Chlorophylls fig 10.5





a. Absorb photons by 


 like the photoelectric 

                                               effect





b. Complex ring structure called a 





c. 

 within a network of alternating single and double

                                               bonds





d. Absorb photons over a 





e. Chlorophyll a absorbs in





f. Chlorophyll b absorbs in the 






1) Has an absorption spectrum shifted toward 






2) is an accessory pigment within the photocenter of plants-

                                                                     increases the                  that can be harvested





g. Wavelengths not absorbed by chlorophylls are reflected to eyes

                                               as 



F. Chlorophyll Is the Primary Light Gathering Pigment in Photosynthesis 




1. Users include 




2. Chlorophyll absorbs in a 


, but with great efficiency

IV. How Light Drives Chemistry: The Light Reactions



A. Absorbing Light Energy



B. Light reactions occur on photosynthetic membranes 



C. Photosynthesis occurs on c


 in bacteria



D. In plants and algae, photosynthesis occurs in



E. Evolutionary descendants of 



F. Photosynthetic membranes located within the 



G. Light reactions occur in three stages




1. Primary photoelectric event





a.                   captured





b. electron is




2. Charge Separation 





a. excitation energy is transferred to a 





b. energizes an 




3. Electron transferred to an acceptor molecule 





a. Excited electron shuttled along electron-carrier molecules





b. Carrier molecules embedded within photosynthetic membrane





c. Proton-pumping channel transports proton across membrane





d. generates a                gradient





e. protons move across the membrane





f. electron is passed to an




4. Chemiosmosis





a. protons that build up on one side flow back through





b. here          is formed


V. Parts of the Photocenter



A. Antenna Complex




1. pigment molecules gather




2. feed light              to the reaction center



B. Reaction Center




1. one or more chlorophylls in a 




2. pass energy out of the


VI. Bacterial Light Reactions



A. Sulfur bacteria 




1. Evolved photosynthetic units three billion years ago




2. 


 transmits electron from P pigment to ferredoxin



3. Electron is accompanied by proton,




4. Sulfur bacteria extract proton from 

, sulfur by-product




5. Other bacteria, plants, and algae extract proton from H2O, 

 by-product



B. Electron is recycled to chlorophyll




1. Bacteria channel electron back via 




2. Passage drives a 

, chemiosmotically generates an




3. Overall process called 





a. Process is not a true circle





b. Returned electron is not same one that left, but has same energy





c. Process is the fundamental component of 




4. limitations of cyclic photophosphorylation





a. Geared only towards 





b. Does not provide for 





c. Ultimate point of photosynthesis is to generate 





d. 

 are more reduced than CO2, have more hydrogen

                                               atoms





e. Bacteria inefficiently scavenge hydrogens from other sources


VII. The Advent of Photosystem II



A. Other bacteria evolved an improved version of the 



B. Solved the reducing power problem 



C. New process

 to original photosynthetic process



D. New process used 



E. Originated with the evolution of 



F. Second system called 



G. Molecules of chlorophyll a are arranged with a different geometry




1. More of 


 are absorbed than in earlier process




2. In plants, the earlier process is called photosystem I




3. Absorption peak of pigment is 680 nanometers, called 


VIII. How the Two Photosystems Work Together In Plants and Algae



A. Plants, green algae and cyanobacteria possess a 




1. the                atoms of              bind to               with an enzyme




2.         is released



B. Photosystem II acts 



C. Passes electron on to 




1. Excited electron absorbed by 





a. Photosystem I boosts electrons causing the                  to have a     

                                                        energy level 





b. Electron goes to 



D. Making NADPH




1. Acceptor contributes two electrons from                                     to 

                                     reduce 

 to NADPH




2. the reaction is catalyzed by


IX. Photosynthesis and oxidative respiration 



A. Energy from photosystem II, first photoevent, generates 



B. Energy from photosystem I, second event, generates 



C. Path to Photosystem I




1. quinone molecule is the primary                             for light energized        

                                           leaving




2. passes excited e’s to a




3.                           pumps protons into the




4. copper containing                                         carries “     to photosystem I



D. Chemiosmosis




1. protons pass back via




2. causes              to phosphorylate to 


X. How the Products of the Light Reactions Are Used to Build Organic Molecules From 

                CO2



A. Light Independent Reactions Comprise 



B. ATP generated in light reaction used to build 



C. Atmospheric CO2 is reduced during 


XI. The Calvin Cycle



A. Ribulose 1,5 bisphosphate (RuBP) is a five-carbon molecule



B. Produced by reassembling intermediates of 



C. Fructose-6-phosphate (F6P) + glyceraldehyde-3-phosphate (G3P)



D. Dark reactions are 

 in nature –requires light indirectly for 

                          by the                      enzyme



1. At beginning of cycle, CO2 is bound to 




2. Six-carbon molecule splits to form two 




3. Process called  





a. PGA converted to glyceraldehyde phosphate molecules





b. Some are used to reconstitute 

, others assembled into 





c. At each turn of the cycle one





d. Takes six turns to produce a six-carbon sugar like


XII. Photosynthesis Is Not Perfect



A. Evolution Favors Workable, Not Always Optimal Solutions



B. RuBP carboxylase (rubisco) secondarily interferes with 



C. Initiates oxidation of 



D. CO2 is released without the production of 



E. Process called photorespiration, acts to undo photosynthesis



F. Both reactions occur at the same 



G. Decarboxylation reaction of photorespiration requires 



H. Little photorespiration occurred prior to the O2 atmosphere



I.        loss of fixed carbon under normal conditions



J. Loss is related to increased                        ,                      close to conserve



K. Oxidation of RuBP increases more than its 



L. Tropical plants adapted to counteract this problem


XIII. The C4 Pathway



A. Include grasses and 




1. C4 occurs in                     cells




2. C3 occurs in                                    cells


B. Called C4 pathway since first product is a 



C. Concentrate CO2 by carboxylating phosphoenolpyruvate (PEP) 



D. Resulting four-carbon oxaloacetate converted to 



E. Malate conveyed to bundle-sheath cells, 



F. Malate decarboxylated to pyruvate, 



G. Pyruvate returns to leaf cell, changed back to phosphoenolpyruvate




1. Requires two high energy bonds, ATP 




2. C4 plants are found in 




3. Process uses 

, normal photosynthesis uses 




4. Saves the loss of

 as occurs in C3 plants- otherwise more than   

                                            of the fixed                would be lost




5. C4 plants also use C3 photosynthesis

XIV. The Crassulacean Acid Pathway



A. Crassulacean acid metabolism (CAM) also used by plants in 



B. Succulents (                                            )open their

 

                               at night and close them during the day



C. Reduces photorespiration by isolating 



D. Also utilizes both 




1. C4 pathway at night, C3 pathway in the same cells in the




2. C4 plants use different locations for 


XV. A Cell's Metabolism Indicates Its Evolutionary Past



A. Modern Plant Two-Stage Photocenters Explain Evolution of Photosynthesis 



B. Second stage evolved in 


millions of years earlier



C. Calvin cycle uses part of the glycolytic process in reverse



D. Chlorophyll pigments are slightly modified 


