PLANT BIOLOGY

8. Photosynthesis
A. Honorary Plant of the Week
Scientific Name: Scenedesmus quadricauda (Turpin) Brébisson

Common Name: Scenedesmus

Family: Scenedesmaceae
  


Class: Chlorophyceae            



Phylum: Chlorophyta
        
 


Kingdom: Protista
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B. Botanist of the Week
Name:  Melvin Calvin

Dates:  1911 - 1997  

Country of origin:

Contribution to Plant Science:

Calvin received his B.S. in 1931 at the Michigan College of Science and Technology (now Michigan Technological University), where he was the college's first chemistry major.  At Berkely he studied pathway of photosynthesis with J. A. Bassham by labeling carbon dioxide with carbon-14. He also proposed that plants change light energy to chemical energy by using an array of pigments to transferring an electron.  He was awarded the 1961 Nobel Prize for his work. 

C. PHOTOSYNTHESIS: A DEFINITION
Photosynthesis is the process by which organisms, especially green plants, use the energy of light to convert carbon dioxide and water into the simple sugar glucose.

In so doing, photosynthesis provides the basic energy source for virtually all non-photosynthetic organisms.

An extremely important byproduct of photosynthesis is oxygen, on which most organisms depend.

D. THE SITE OF PHOTOSYNTHESIS IN PLANTS
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E. Interactions of Light With Matter in Chloroplasts
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F. AN OVERVIEW OF PHOTOSYNTHESIS I
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G. PHOTOPHOSPHORYLATION
The function of Photophosphorylation as in  Oxidative Phosphorylation in respiration is to make valuable ATP that can be used in metabolism.


[image: image5]
h. There are Two “Photosystems”
· Photosystem II, pigments trap light energy which is passed on to chlorophyll where water is split (photolysis) into oxygen and electrons and protons are released.  The latter two are used to synthesize ATP from ADP and P.

· Photosystem I, the electrons from Photosystem II are passed to Photosystem I and a proton gradient is created that is used to synthesize ATP from ADP and P. Light absorption in Photosystem I generates electrons that are accepted by the coenzyme NADP+ to make NADPH. 

Further photophosphorylation occurs and makes additional ATP. In toto ATP and NADPH are produced in a 3:2 ratio.   

i. The Calvin Cycle Uses ATP and NADPH to Convert CO2 to Sugar

The cycle has three critical activities  before it generates sugars.
· Carbon Fixation, CO2 is combined with a 5-carbon sugar RuBP (Ribulose-bi-phosphate) thus the inorganic CO2 is now in organic form (3-phosphoglycerate).
· Reduction,  ATP and NADPH are consumed to form biphospho-glycerate and phospho-glyceraldehyde respectively. 

· Regeneration, using more ATP RuBP is regenerated to allow another turn of the cycle.
j. Nitrogen is also Important in Photosynthesis
· Rubisco (ribulose 1,5-biphosphate carboxylase-oxygenase) is the most abundant enzyme on Earth. 

· Rubisco contains 50% of a leaf’s nitrogen.

· In fact Chlorophyll and Rubisco together make up 50% of a plants nitrogen.

k. CONCEPT MAP OF PHOTOSYNTHESIS
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Photosinthesis
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Calvin cycle
L. PHOTORESPIRATION

A metabolic pathway that consumes oxygen, releases carbon dioxide, generates no net gain in ATP, and decreases photosynthetic output.  It generally occurs on hot, dry, bright days, when stomata close and oxygen concentration in the leaf exceeds that of carbon dioxide.

m. Different photosynthetic pathways confer different tolerances and competitive abilities 
· C3 plants are prevalent in temperate and cold regions.
· The C4 mechanism must have arisen several times during evolution.

· Some genera may have C4 and C3 plants e.g. Carex; also C4 plants are very rare in the in the Arctic!!  C4 plants perform well in warm and high light environments; see the comparative table.

· CAM plant are usually succulents and are adapted to hot and arid environments.

N. PHOTOSYNTHESIS IN DIFFERENT PLANT GROUPS
· C3, C3 is the most basic photosynthetic mechanism.  It is called C3 because the first compound into which CO2 is incorporated is a compound with three carbon atoms.  C3 plants make up the majority of species globally, especially in cooler or wetter habitats; they include all important tree and most crop species, such as wheat, rice, barley, cassava, and potato.

· C4, C4 plants have a special CO2-concentrating mechanism within their leaves by which they can increase the CO2 concentration to several times above ambient levels.  

This is done by CO2 first being incorporated into a 4-carbon compound. 

This allows these plants to maintain lower intercellular CO2 concentrations than C3 plants.  

C4 plants tend to grow in warmer, more water-limited regions, and include many tropical grasses and agriculturally important species maize, sugarcane, and sorghum.

· CAM, Crassulacean acid metabolism, CAM, is a variant of C4 photosynthesis in which CO2 is not only concentrated but also stored for half a day.  

CAM plants, such as cacti, often grow in deserts, but they also include more common plants such as pineapple.  

In these plants, CO2 uptake occurs at night.  The CO2 is then stored for use I normal photosynthetic reactions the next day.

o. Summary
· In Photosynthesis light energy is converted to chemical energy and CO2 is made into energy rich carbohydrates. 
· In Eukaryotic Green Plants light is absorbed by carotenoids and chlorophylls contained in chloroplasts.  Light energy is used to split water and make oxygen, protons and electrons. These are used in Photophosphorylation and carbon fixation that are two critical steps in photosynthesis.  
· Photophosphorylation via the light reactions of Photosystems II and I and Electron Transport leads to the production of ATP and NADPH. which are used in carbon fixation.  

· Carbon fixation by the Calvin Cycle.  In this cycle a molecule CO2 is accepted by ribulose biphosphate (RuBP), a 5-carbon sugar, and begins a metabolic cycle that turns three time to generate one molecule of glyceraldehyde 3-phosphate which is used to produce glucose, sucrose or starch that can be used as fuel for other metabolic processes.  The Calvin Cycle is also called the Calvin-Benson Cycle and the C3 cycle.  

· There are pathways of photosynthesis other than the C3 have evolved.  For example, the C4 and CAM pathways. Each pathway confer certain ecological advantages to a plant. In particular photorespiration can be costly to C3 plants; C4 and CAM plants have developed strategies to reduce photorespiratory losses in hot, dry, bright environments.

· Some other points: Various external environmental controls affect the rates  and amounts of photosynthesis, e.g., water, temp, nutrients.  Please be aware of the implications of photosynthesis in the Greenhouse Effect.  How could you measure the rate of photosynthesis under various environmental conditions? 
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