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Objectives

1.

Understand the basic properties of light and how sunlight specifically affects pigments in plants.

2.

Understand the main pathways by which energy from the sun enters photosynthetic organisms and passes from organism to organism and back into the environment.  

3.

Know the steps of the light-dependent and light-independent reactions. Know the raw materials (reactants) needed to start each step, the products made by each step, and where in the plant cell each step occurs.

4.

Explain how autotrophs use the intermediates as well as the products of photosynthesis in their own metabolism.

5.

Discuss the impact the autotrophs living in the oceans and on land have on global processes such as carbon cycling. Understand how this activity influences the global climate and discuss the role humans play in these events.
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Impacts, Issues: Biofuel



A.
Photosynthesis uses sunlight as an energy source and stores the energy in chemical bonds of organic molecules.




1.
As organic material dies and decays it compacts and becomes fossil fuels.  These fuels – coal, petroleum, and natural gas – are limited.




   2.  Biomass (organic matter that is not fossilized) is a renewable source of energy converted from sunlight.



      B.   Releasing the energy from biomass (organic matter than is not fossilized) is more difficult to process.




1.  Biodiesel is processed from algae, soybeans, rapeseed, flaxseed, and oils used in 




     restaurants.




2.  Methane seeps of manure ponds, landfills, and cows are sources of biomass energy.




3.  Ethanol is made from corn, sugar beets and sugarcane.  


   
C.  High cellulose biomass such as switchgrass, wood chips, wheat straw, cotton stalks and rice hulls are being researched now as energy sources.  Currently these sources are merely burned.




7.1
Sunlight as an Energy Source



A.
Properties of Light




1.
Organisms use only a small range of wavelengths for photosynthesis, vision, and other processes.




2.
Most of these wavelengths are the ones we see as visible light, a small part of the electromagnetic spectrum from the sun.




3.
Light energy is packaged as photons, which vary in energy as a function of wavelength. (The shortest are gamma rays with the highest energy; the longest are radio waves with the lowest energy.)




4.
Only a small range (380–750 nm) of wavelengths is used for photosynthesis.



B.
The Rainbow Catchers




1.
The light reflected from each pigment gives the pigment its color.  For example, red pigment absorbs all colors of visible light except red light.




     2.
There is more than one kind of chlorophyll.  Chlorophyll a is the most common pigment used in photosynthesis by plants, photosynthetic protists, and cyanobacteria.




3.
Carotenoid pigments absorb blue-violet and blue-green but reflect yellow, orange, and red.




4.
Xanthophylls reflect yellow, brown, purple, or blue light; anthocyanins reflect red and purple light in fruit and flowers; phycobilins reflect red or blue-green light and are accessory pigments found in red algae and cyanobacteria.




5.
The chlorophylls in green leaves mask the accessory pigments until autumn when the chlorophyll content declines.   



 6.  A pigment absorbs light of specific wavelengths by acting as an antenna for receiving

 


photon energy.



 7.  Photosynthesis begins when photosynthetic pigments absorb a photon of light.

7.2
Exploring the Rainbow


A.   Photosynthetic pigments work together to harvest light of different wavelengths.

  B.   In an elegant experiment with photosynthesizing algae and aerobic bacteria, Engelmann determined that violet and red light were the wavelengths best suited for photosynthesis.


C.
Today, an absorption spectrum is used to determine the wavelength most suited for a given pigment.

  D.   Phycobilins are pigments that absorb light from 500-600 nm.  These pigments are common to deep-water algae because this range of light is not absorbed well by water.


7.3
Overview of Photosynthesis



A.
A Look Inside the Chloroplast




1.
Both stages of photosynthesis occur in the chloroplast.





a.
The semifluid interior (stroma) is the site for the second series of photosynthesis reactions.





b.
Flattened sacs, thylakoids, interconnected by channels weave through the stroma; the first reactions occur here.




2.
In the thylakoid membranes, pigments are organized in clusters called photosystems, each consisting of 200–300 pigment molecules capable of trapping energy from the sun.



B.
Two Stages of Reactions




1.
Light-dependent reactions convert light energy to chemical bond energy of ATP.





a.
Water is split to release oxygen.





b.
NADP+ picks up electrons to become NADPH to be used later.




 2.
The light-independent reactions assemble sugars and other organic molecules using ATP, NADPH, and CO2.




3.
Overall, the equation for glucose formation is written:






                                light energy & enzymes






6H2O + 6CO2   ——————————> 6O2 + C6H12O6
7.4
Light-Dependent Reactions



A.
Capturing Energy for Photosynthesis




1.
The pigments in the thylakoid membrane “harvest” photon energy from sunlight.





a.
Absorbed photons of energy boost electrons to a higher level.





b.
The electrons quickly return to the lower level and release energy.





c.
Released energy is trapped by chlorophylls located in the photosystem's reaction center.




2.
One pathway begins when chlorophyll P680 in photosystem II absorbs energy.





a.
A boosted electron moves through a transport system, which releases energy for ADP + Pi  (  ATP.





b.
The electron fills the “hole” left by the electron boost in P700 of photosystem I.





c.
The electron from photolysis of water fills the “electron hole” left in P680 and produces oxygen as a by-product.




3.
The other pathway begins when chlorophyll P700 in photosystem I absorbs energy.





a.
The boosted electron from P700 passes to the acceptor, then the electron transport chain, and finally joins NADP to form NADPH (which along with ATP can be used in synthesis of organic compounds).





b.
The energy hole is filled by the electron from P680.


B.
Electron Flow in a Noncyclic Pathway




1.
The noncyclic pathway of ATP formation transfers electrons through two photosystems and two electron transfer systems (ETS) simultaneously.




2.
The entry of electrons from a photosystem into an electron transfer chain is the first step in the light-dependent reactions.




3.
Electron transfer chains move electrons and hydrogen ions from the stroma into the thylakoids.





a.
Hydrogen ions accumulate inside the thylakoid compartment.





b.
As the hydrogen ions flow out through channels into the stroma, ATP synthase enzymes link Pi to ADP to form ATP.




4.
By the process of photolysis, water is split to form oxygen (diffuses out) and hydrogen ions, which are maintained at high numbers in the thylakoid. 




5.
Electrons are also transferred via another photosystem to NADP to form NADPH.



C.
Electron Flow in a Cyclic Pathway




1.
In the cyclic pathway of ATP formation, electrons are first excited in chlorophyll P700, pass through an electron transfer chain, and then return to the orig​inal photosystem.




2.
The cyclic pathway is an ancient way to make ATP from ADP; it was used by early bacteria.

7.5
     Energy Flow in Photosynthesis


A.
  Light-driven reactions that attach phosphate to a molecule are called photophosphorylation   



  reactions.  


          B.  When photoautotrophs first evolved they were anaerobic, using the cyclic reactions in 



photosystem I.


C.
Later, other photoautotrophs began using photosystem II with reactions producing oxygen 

as a by-product of the noncyclic pathway.


    D.   NADPH is the energy shuttle molecule that delivers electrons from the light-dependent 



reactions to the sugar-producing, light-independent reactions in the stroma.



1.  A gradient of hydrogen ions form across the thylakoid membranes as NADPH moves 


            electrons.



2.  Photosynthetic bacteria do not have chloroplasts, but the plasma membrane serves the 



     same purpose as the thylakoid membranes in eukaryotic chloroplasts.  




a.   Photosynthetic bacteria use either photosystem I or photosystem II.




b.  Cyanobacteria, plants, and photosynthetic protists use both types of photosystems, although one or the other system will dominate based on environmental conditions.


      
3.  Alternating pathways allows for the production of by ATP and NADPH.




a.  As NADPH accumulates, the cyclic pathway using ATP is dominant.




b.  NADPH is not accumulated when sugar production is high, resulting in the non-




     cyclic pathway dominating.


7.6
Light-Independent Reactions: The Sugar Factory



A.
These reactions constitute a pathway known as the Calvin-Benson cycle. 




1.
The participants and their roles in the synthesis of carbohydrates are:





a.
ATP, which provides energy;





b.
NADPH, which provides hydrogen atoms and electrons; and





c.
Atmospheric air, which provides the carbon and oxygen from carbon dioxide.




2.
The reactions take place in the stroma of chloroplasts and are not dependent on sunlight.



B.
Carbon dioxide diffuses into a leaf across the plasma membrane of a photosynthetic cell.




1.
Taking carbon from an inorganic source and incorporating that carbon into an organic molecule is called carbon fixation.  




     2.   Rubisco joins carbon dioxide to RuBP to produce an unstable intermediate that splits to form two molecules of PGA.




3.
Each PGA then receives a Pi from ATP plus H+ and electrons from NADPH to form PGAL (phosphoglyceraldehyde).




4.
Most of the PGAL molecules continue in the cycle to fix more carbon dioxide, but two PGAL join to form a sugar-phosphate, which will be modified to sucrose, starch, and cellulose.

7.7
Different Plants, Different Carbon-Fixing Pathways



A.
Rascally Rubisco




1.  Plants in hot, dry environments close their stomata to conserve water, but in so doing 




     retard carbon dioxide entry and permit oxygen buildup inside the leaves.




2.
C3 plants are named so because the three-carbon PGA is the first stable intermediate of Calvin-Benson cycle. Thus, oxygen—not carbon dioxide—becomes attached to RuBP to yield one PGA (instead of two) and one phosphoglycolate (not useful), and photorespiration dominates.




3.
C3 plants such as beans do not grow well without irrigation in hot, dry climates.



B.
C4 Plants




1.  To overcome this fate, crabgrass, sugarcane, corn, and other C4 plants fix carbon twice (in 




     mesophyll cells, then in bundle-sheath cells) to produce oxaloacetate (a four-carbon 




     compound), which can then donate the carbon dioxide to the Calvin-Benson cycle.




2.  Photorespiration hampers growth in C3 plants, but natural selection has not eliminated it 




     from the population, perhaps because the gene coding for rubisco structure is linked to 




     carbon fixation—rubisco’s primary role.



D.
CAM Plants




1.  CAM (Crassulacean Acid Metabolism) plants such as cacti open their stomata and fix 




     CO2 only at night, storing the intermediate product for use in photosynthesis the next 




     day.

2. CAM plants use the C4 cycle to break down crassulacean acid to CO2 once the stomata 

       close.  The CO2 then enters the Calvin-Benson cycle.

7.8 Photosynthesis and the Atmosphere


A. Plants as the starting point.

1.  Autotrophs, such as plants, are self-nourishing; heterotrophs must be nourished by 

     others.

2.  Plants are photoautotrophs in that they use light to produce sugars for nourishment via 

     photosynthesis.

3.  Chemotrophs obtain energy and carbon from the environment (e.g., hydrogen and 


     methane.)  

4.  As oxygen levels began rising about 3.2 billion years ago, anaerobic species were at a 

     disadvantage and the way was opened for aerobic species to thrive.

5.  Metabolic pathways became modified in ways that detoxified oxygen, evolving into 

     the pathway for aerobic respiration.



B.
Autotrophs of the Seas




1.  The oceans are teeming with bacteria and protists, which provide food for nearly all 




     other marine organisms.




2.  Early oceans were exposed to UV radiation and forces aerobic organisms to the deepest 




     depths to avoid UV damage.




     a.  Ozone in the atmosphere shielded ocean life from UV radiation damage.




     b.  Aerobic species diversified once UV protected waters were established.

7.9  A Burning Concern



 
A.  Human activities, such as burning fossil fuels and setting fires for vast clear cutting, release more carbon dioxide than photoautotrophs can take up. Additionally tons of waste and other pollutants are entering the oceans daily and may ultimately impact the photosynthetic function of these photoautotrophs.




B.  Increase in atmospheric CO2 levels is affecting biological systems worldwide.  




C.  Research today is focused on developing energy sources that do not contribute to the 




      increasing atmospheric CO2 levels.  Research is also directed at finding a way to improve 




      the efficiency of rubisco in plants.
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