C3, C4 and CAM Pathways Notes

Gas exchange occurs through stomata
Opening of pores allows for loss of water vapor

Plants minimize water loss by regulating stomata openings/closings

O2 is a waste product of photosynthesis

needed for cellular respiration but can be toxic in conjunction with excited 
chlorophyll molecules 


excess O2 and not enough CO2 can result in backfiring of system called 
photorespiration – process when oxygen is bonded to RuBP not CO2


results in tremendous waste of energy

C3 plants—all of carbon fixation and photosynthesis happens in mesophyll cells just on the surface of the leaf.  C3 plants include most temperate plants (except many grasses)—more than 95% of all earth’s plants.

  

· C3  are inefficient at CO2 fixation because RUBISCO has a greater affinity for oxygen than CO2 

· Mesophyll cells are packed with RUBISCO 

· Stomata open during day (CO2, oxygen, and water can all flow out) 
  

Photorespiration increases when there is lots of O2, low levels of CO2, and increased temperatures.
  

Adaptations to the "Inherent Inefficiency" of Photorespiration: 
C4 and CAM plants 
see figure 8-13 on page 189 Wessells Hopson

· Certain groups of plants evolved mechanisms to overcome the constraints imposed by photorespiration. These mechanisms altered photosynthetic pathways known as C4 and CAM photosynthesis. Both mechanisms act as "CO2 pumps" that increase the concentration of CO2 at the active site of rubisco. As a result, photorespiration does not occur in these plants. Plants with either of these pathways are generally better adapted to hot, dry environments than C3 plants. 

1. C4 Pathway - found in many grass species (corn, sorghum, sugarcane) as well as in certain dicots, including pigweed (Amaranthus) and halophytes such as Atriplex (saltbush). 

2. Crassulacean Acid Metabolism (CAM) - found in succulents C4 plants—carbon fixation and photosynthesis split between the mesophyll cells and bundle sheath cells.

  

  

· Feature of many grasses (i.e. big blue stem back campus), corn, and many arid/semi arid shrubs 
1. first labeled product of photosynthesis was a C4 acid (oxaloacetate) rather than PGA. This compound is formed by the addition of one molecule of CO2 to one molecule of phosphoenolpyruvate (PEP). 

2. C4 plants have a unique leaf anatomy which includes two types of photosynthetic cells: bundle-sheath cells and mesophyll cells. The Calvin cycle occurs only in the bundle-sheath cells. 

· Calvin cycle in bundle sheath cells where there is no oxygen to be bound by RUBISCO 
· Very high concentration of CO2 in bundle sheath cells 
· PEP carboxylase has a high affinity for CO2 so plants must open their stomata less to get CO2 and hence lose less water (especially important in arid regions) 
· Low levels of photorespiration and higher net photosynthesis than C3 because of low photorespiration 
· Costly adaptation because it requires lots of ATP (energy)—however, benefits outweigh energy costs. 
· Stomata are open during the day 
· Fixation and the Calvin cycle are physically separate 
  

CAM Crassulacean acid metabolism –photosynthesis takes place in the mesophyll cells, but carbon fixation (and opening of stomata) takes place at night and the Calvin cycle happens during the day.  

  

The equations are the same as for C4 plants.    

· Because the stomata are closed during the day, able to capture large levels of CO2 

· Adaptation found in succulents, cacti for example that are found in desert (very arid) environments. 

· Very high water use efficiencies because stomata don’t open during the hottest times of day when transpiration is the greatest. 

· Also energy expensive 
· CAM plants assimilate CO2 at night when their stomata are open. 

· Like C4, the initial product of carboxylation is a C4 acid which is converted to malic acid. Malic acid is stored in the vacuole. 

