Light Reaction
Steps of Light Reaction:
1-Light absorption.
2-Photolysis of water.
3-Electron transport and photophosphorylation.
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2-Calvin Cycle/Dark Reaction
The series of reactions catalysed by respective enzymes by which the carbon is fixed and reduced in the synthesis of sugar during the dark reaction of P/S is called Calvin cycle.

3CO2 + 6NADPH + 9ATP 	  (CH2O)3 + 6NADP + 9ADP + 9Pi + 3H2O
Steps of Dark Reaction:
1-Carboxylation

RuBP + CO2	3PGA

2-Reduction

3PGA 	1,3 bis PGA	G3P

3-Regeneration

G3P                               Ru5B 		RuBP
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               Glucose and other organic matter	 containing a large number of chloroplast. The bundle sheath is surrounded by many layers of mesophyll cells. The cells of mesophyll also contain chloroplast but these are of smaller size than those present in the cells of bundle sheath because the bundle sheath surrounds the vascular tissue all around, therefore the substances that move b/w mesophyll cells and vascular tissue must pass through the bundle sheath. The chloroplast of mesophyll cell in C4 
Plants are without Rubisco (ribulose 1, 5_bisphosphate carboxylase oxygenise) this 
Anatomical arrangement of cell is called     KRANZ ANATOMY  
C4_ Pathway 
1) Carboxylation PEP in mesophyll cells.
2) OAA is reduced into malate or aspirate.
3) Malate or aspirate is translocated to bundle sheath cells.
4) Malate is decarboxylated (CO2 in B.S.C).
5) The process of Calvin cycle in B.S.C.
6) P.A transported back to mesophyll 
Mesophyll `                                                       Bundle sheath cells    .   


 












PEP=phosphoenol private, OAA = oxaloacitic acid 
Significance  of C4  cycle  
      The significance of C4 cycle lies in high CO2 affinity of PEP carboxylase which enables this enzyme to act at low concentration than Rubisco carboxylase. When C4 plants are illuminated in an air tight container, they can lower the eternal CO2 concentration to 0_5 PPm, while C3 plants can lower it only to 50_70 PPm. Another characteristic of C4 plants is that they are efficient in their use of water, being able to synthesize 2_4 time more dry matter per unit mass of water transpirated then C3 plants.C4 metabolism may be regarded as an adaptation to warm climates. The conservation of ATP per molicules of CO2 over and above the ATP required in the C3 cycle alone.  The C4 cycle is advantageous under condition where CO2 is limiting rather than light and the C4 species are native to tropical and subtropical habitats where high irradiance and high temperature would tend to bring about CO2 limitation.
CAM Plants
A third group of plants fix CO2 by CAM, crassulacean acid metabolism. Due to this these are known as CAM plants.  The CAM plants are mainly succulent of hot and arid climates; the name is derived from the family crussulaceae, which contains many succulent members.                               Although CAM is by no means confined to this family, e.g. cacti (family cactaceae) are CAM plant.
Characteristics
Structural 
1) They have thick succulent leaves.
2) They have very low surface to volume ratio.
3) They have very low transpiration rate.
Cellular adaptation
1) The cells of these plants have very large control vacuole.
2) They have very thin layer of cytoplasm around the vacuole.
3) They have lack of palisade mesophyll arrangement.
4) Most of the leaves and stem cell of these plants have spongy mesophyll cells.
5) In these plants B.S.C are present but similar to mesophyll cells.


Stomatal Behaviour
         Stomata remain close during the day time while open during night time.
Biochemical adaptation
     During night time CO2 fixed by PEP carboxylase as in C4 plants into malate but malate is stored in vacuoles. The p/s cells of CAM plants typically possess large vacuoles and the vacuoler PH fall steeply at night (dark acidification) during the day time malate disappears and is converted into CO2 and starches, the CO2 is refined via Calvin cycle. Biochemically CAM resembles C4 P/s but where as in C4 plants CO2 fixation by PEP carboxylase and RUBP carboxylase occur, simultaneous but separated in space, in CAM plants the two enzymes act in the same cells, but sequentially separated in time. CAM is obviously an adaptation to hot and dry condition. It enables the plant to conserve water by keeping stomata close in the heat of the day when transpiration would be most rapid, and CAM plants are extremely economically on water. Their rate of net P/s per unit area of plant or ground, and their growth rate are however very low. The small surface to volume ratio of the succulent organs is un favourable for gas exchange.
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C 4   plant    The high and low photosynthesis plants differ with respect to their pathway of CO ₂   fixation. The C 3  cycle in which CO ₂   is fixed by RUBP carboxylase to yield PGA   is universal. The PGA is  reduced to carbohydrate level by the expenditure of 3ATP molecules and two molecul es of  NADPH per molecules of CO 2   f ixed. The plants in which the C 3   cycle is the sole P/S CO 2   fixation pathway are the low P/S plants,  including   a number of grasses and a number of                  dicotyledo ns, passes in addition to the C 3   cycle a second  CO 2   fixing pathway. This is the C 4   cycle (hatch slack cycle, dicarboxylic acid cycle) and the plants passes  it are now generally  known as C 4    plan ts.   Leaf anatomy of C_4 plants                                                                    1) In   C 3   plants chloroplast has rubisco        1)   In   C 4   plants rubisco is absent in chlorophyll           in mesophyll.                                   2)   Rubisco is present in chloroplast  of bundle sheath                                                                                                                                                                                                                                                                                                   One of the outstanding  features   of leaves of C 4   plants is the arrangement of chloroplast  containing cells around vascular bundles. The cells which  border the vascular bundle are  col lectively termed as  bundle sheath consist of one or more layers large thick walled cells 
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C4 plant 

The high and low photosynthesis plants differ with respect to their pathway of CO₂ fixation. The C3 cycle in which CO₂ is fixed by RUBP carboxylase to yield PGA is universal. The PGA is reduced to carbohydrate level by the expenditure of 3ATP molecules and two molecules of NADPH per molecules of CO2 fixed. The plants in which the C3 cycle is the sole P/S CO2 fixation pathway are the low P/S plants, including a number of grasses and a number of                dicotyledons, passes in addition to the C3 cycle a second CO2 fixing pathway. This is the C4 cycle (hatch slack cycle, dicarboxylic acid cycle) and the plants passes it are now generally known as C4  plants.

Leaf anatomy of C_4 plants 

                                          	

















1) In C3 plants chloroplast has rubisco       1) In C4 plants rubisco is absent in chlorophyll      	

in mesophyll.                                2) Rubisco is present in chloroplast of bundle sheath                                                                                                                                                                                             

                                                                                         

One of the outstanding features of leaves of C4 plants is the arrangement of chloroplast containing cells around vascular bundles. The cells which border the vascular bundle are collectively termed as  bundle sheath consist of one or more layers large thick walled cells containing a large number of chloroplast. The bundle sheath is surrounded by many layers of mesophyll cells. The cells of mesophyll also contain chloroplast but these are of smaller size than those present in the cells of bundle sheath because the bundle sheath surrounds the vascular tissue all around, therefore the substances that move b/w mesophyll cells and vascular tissue must pass through the bundle sheath. The chloroplast of mesophyll cell in C4 

Plants are without Rubisco (ribulose 1, 5_bisphosphate carboxylase oxygenise) this 

Anatomical arrangement of cell is called     KRANZ ANATOMY  

C4_ Pathway 

1) Carboxylation PEP in mesophyll cells.

2) OAA is reduced into malate or aspirate.

3) Malate or aspirate is translocated to bundle sheath cells.

4) Malate is decarboxylated (CO2 in B.S.C).

5) The process of Calvin cycle in B.S.C.

6) P.A transported back to mesophyll 

Mesophyll `                                                       Bundle sheath cells    .   





 

























PEP=phosphoenol private, OAA = oxaloacitic acid 

Significance  of C4  cycle  

      The significance of C4 cycle lies in high CO2 affinity of PEP carboxylase which enables this enzyme to act at low concentration than Rubisco carboxylase. When C4 plants are illuminated in an air tight container, they can lower the eternal CO2 concentration to 0_5 PPm, while C3 plants can lower it only to 50_70 PPm. Another characteristic of C4 plants is that they are efficient in their use of water, being able to synthesize 2_4 time more dry matter per unit mass of water transpirated then C3 plants.C4 metabolism may be regarded as an adaptation to warm climates. The conservation of ATP per molicules of CO2 over and above the ATP required in the C3 cycle alone.  The C4 cycle is advantageous under condition where CO2 is limiting rather than light and the C4 species are native to tropical and subtropical habitats where high irradiance and high temperature would tend to bring about CO2 limitation.

CAM Plants

A third group of plants fix CO2 by CAM, crassulacean acid metabolism. Due to this these are known as CAM plants.  The CAM plants are mainly succulent of hot and arid climates; the name is derived from the family crussulaceae, which contains many succulent members.                               Although CAM is by no means confined to this family, e.g. cacti (family cactaceae) are CAM plant.

Characteristics

Structural 

1) They have thick succulent leaves.

2) They have very low surface to volume ratio.

3) They have very low transpiration rate.

Cellular adaptation

1) The cells of these plants have very large control vacuole.

2) They have very thin layer of cytoplasm around the vacuole.

3) They have lack of palisade mesophyll arrangement.

4) Most of the leaves and stem cell of these plants have spongy mesophyll cells.

5) In these plants B.S.C are present but similar to mesophyll cells.

Stomatal behaviour`

         Stomata remain close during the day time while open during night time.

Biochemical adaptation

     During night time CO2 fixed by PEP carboxylase as in C4 plants into malate but malate is stored in vacuoles. The p/s cells of CAM plants typically possess large vacuoles and the vacuoler PH fall steeply at night (dark acidification) during the day time malate disappears and is converted into CO2 and starches, the CO2 is refined via Calvin cycle. Biochemically CAM resembles C4 P/s but where as in C4 plants CO2 fixation by PEP carboxylase and RUBP carboxylase occur, simultaneous but separated in space, in CAM plants the two enzymes act in the same cells, but sequentially separated in time. CAM is obviously an adaptation to hot and dry condition. It enables the plant to conserve water by keeping stomata close in the heat of the day when transpiration would be most rapid, and CAM plants are extremely economically on water. Their rate of net P/s per unit area of plant or ground, and their growth rate are however very low. The small surface to volume ratio of the succulent organs is un favourable for gas exchange.

















Photorespiration                                                                                                       C3 plants produce CO2 in light in the presence of O2. This O2 consumption and CO2 evolution differ from normal or dark respiration and known as photorespiration. The normal or dark respiration is confined to the cytosol and mitochondria while photorespiration occurs in close association b/w the chloroplast, peroxisome, mitochondria cytosol. The dark respiration result in energy release while energetically photorespiration is a wasteful process. Photorespiration is usually 3 to 5 time faster than the dark respiration. Photorespiration involves decrease in CO2 assimilation. About 20-60% of net CO2 assimilated by C3 plants during p/s is wasted through photorespiration.

When leaves are exposed to light, relatively large quantity of 2-carbon acid called glycolic acid (CH2.OH.COOH) is synthesized. However in the leaves of C4 plants very little glycolic acid is formed under similar condition. Therefore photorespiration in C3 plants is associated with high glycolic acid synthesis and its absence in C4 plants is correlated with lack of glycolic acid.

Factors effecting photorespiration

                            Synthesis of glycolic acid in C3 plants depends upon a number of factors.

1) Light is essential and Calvin cycle provides the substrate

2) The rate of glycolic acid production rapidly falls when the concentration of CO2 in the atmosphere increase beyond the atmospheric level of 0,.03%. on the other  hand concentration of CO2 has the opposite effect. When the concentration of O2 in the external atmosphere is 

3) Concentration of O2 and CO2 are the two important factors which regulate the synthesis of glycolic acid.

 Mechanism  

    During Calvin cycle, ribulose 1,5 bisphosphate combine with CO2 forming  an unstable compound. This compound splits up into 2 molicules of phosphoglyceric acid (3PGA). The enzyme responsible RUBP carboxylase. It should be emphasized that this enzyme performs dual function. It carboxylase 1,5 bisphosphate when CO2 available. When oxygen available, the same enzyme oxidizes ribulose 1,5 bisphosphate into one molicules of PGA and another molicules of 2 phosphoglyceric acid. Synthesis of glycolic acid is a diversion from the Calvin cycle and it is at the expense of PGA formation. As the atmosphere contains more of oxygen and less of CO2, the formation of glycolic acid is preferred. This is why increase concentration of CO2 favour reaction which leads to more of PGA formation, which is utilized for the synthesis of carbohydrates. On the other hand increase concentration of O2 favour reaction which leads to more of glycolic acid production which is used in photorespiration. These 2-phosphoglycolic acids under goes a cyclic reaction change in to different products by using the energy of NADPH and ATP with the release of CO2, H2O ultimately form 3 PGA which enter into Calvin cycle. 


