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Carbon fixation in Specialized Photosynthetic Organisms
Carbon fixing plants use carbon dioxide to construct carbon based molecules. This process is commonly referred to as the Calvin cycle. The enzymes and basic process of the Calvin cycle have evolutionarily developed into three basic schemes. These separate schemes, C3, C4, and CAM carbon fixation, though different, resemble the same basic pattern. Specialized cells in C3, C4, and CAM plants each are all used to produce poly-carbon molecules by carbon fixation.
In a C3 plant, carbon fixation follows a system where three carbon dioxides are fixed to three Ribulose 1,5 Bisphosphates (RuBP) by RuBP carboxylase (this enzyme doubles as an oxygenase and is sometimes referred to as rubisco.) One RuBP goes through a transitory chemical, the hexose Enediol intermediate, which breaks down, with the aid of a water molecule and CO2 molecule, into two 3-Phosphoglycerate. This molecule follows a series of enzymic reactions, making it eventually into Glyceraldehye-3-phsophate (G3P). Approximately 17%, or 1/6, of the G3P can be utilized by the cell for molecular synthesis. The rest is pulled into the cycle and follows another enzyme catalized path through pentose and septose sugars until it forms another RuBP molecule. The cycle continues with the new RuBP. (The C3 tag given to this version of carbon fixation is because of triose sugar that is first produced early in the cycle.)
Similarly in a C4 plant the Calvin cycle is carried out, but the reactions of the cycle occur in bundle-sheath cells, after there have been a series of reactions in mesophyllic cells. In a C3 plants, mesophyllic cells carry out all aspects of photosynthetic reactions. In a C4 plant, the mesophyll are confined to light-based reactions and a transitory set of reactions that feed the Calvin cycle that occurs in the specialized bundle-sheath cells. The transitory reactions between light dependent and light independent reactions are very similar to reparative processes that occur in respiration. Mesophyll fix a carbon dioxide to a Phosphoenolpyruvate (PEP) by PEP carboxylase. This produces a four-carbon sugar called Oxaloacetone. (This is the last molecule in the catabolic Krebs cycle.) The Oxaloacetone forms, by enzyme catalyzed reaction, Malate. From here the molecule passes through the Plasmodesmata in the plant cell to a specialized bundle-sheath cell. Here a CO2 complex is cleaved from the Malate, a Pyruvate in formed and cycled back into the mesophyll and phosphorylated and into PEP. Here the CO2 left behind enters the Calvin cycle. This system is better-suited to hot climates, where transpiration and similar problems are more prevalent. (The C4 tag refers to the four carbon Oxaloacetone.)
The third type of specialized system is cassulacean acid metabolism (CAM ). This is well-suited for desert regions, because the processes enable CO2 to be present in a plant if the stomata, CO2 pathways, are closed. The significance of this is the prevention of RuBP carboxylase functioning as an oxygenase. When the RuBP carboxylase functions as an oxygenase, half of the intermediary molecules are triose sugars. When this occurs, a plant’s carbon fixing efficiency is reduced from 17% to approximately 8.5%. The C4 plants combat this with their bi-cellular photosynthetic production. The CAM plants take CO2 during the night and make it into to various organic acids. These organic acids are cleaved into CO2 molecules when light based reactions continue in the morning. This prevents the RuBP carboxylase from reverting to its oxygenase state.
The varied forms of intermediary photosynthetic reactions are all specialized to the their environment. These processes have developed evolutionarily either by mutation, genetic drift, or other environmentally stimulated change. As photosynthetic organisms, plants occupy the lowest trophic level in an ecosystem providing a readily usable supply of energy for heterotrophic populations in an ecosystem. These basic chemical processes are the foundation of the interactive structure that defines a stable biological ecosystem.
