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Photosynthetic Reactions

Photosynthetic reactions are the basis of carbon chain construction of sugars and other basic chemicals like amino acids. The reactions combine CO2 and make carbon chains by the photosynthetic reactions called light dependent reactions and light independent reactions often called the Calvin cycle. These reactions both occur in the chloroplasts of autotrophic cells. Though these reactions are very different there are some inherent similarities. These reactions can be compared in both processes and products.

The light dependent reactions utilize photons that filter through the earth’s ozone layer. These photons consist primarily of visible light (photons with an energy of a wavelength between ca. 380 nm and 750 nm.) The photons interact with organic molecules that reside in the membrane of the thylakoids residing in chloroplasts, usually chlorophyll. Chlorophyll contains a series of carbon rings with a magnesium in the center. This molecule is stimulated by the photon and an electron is moved to a higher energy level on one of the atoms in the chain. In a chloroplast or other photosynthetic unit, a tight group of chlorophyll interlaced with proteins will attain enough energy to force an electron in a specific chlorophyll: P680 (this refers to the wavelength of light it best responds to) to be so far removed from its original atom, that the electron is attached to a Primary acceptor. To compensate for the lost electron a water molecule is split into 2H+ (protons) and ½O2 (This half oxygen spontaneously forms an O2 when it comes in contact with another ½O2.) and an electron (e-) is appended to the P680 molecule. The two e- that are released from the H2O keep the cycle going. These protein and organic chemical network are referred to as Photosystem II (named due to its discovery after its counterpart, which participates in later reactions).The electrons follow a reductive electron transport chain. The e- follow a gradient of more and more electronegative, electron affinitive. The energy by this progressively exergonic reaction pumps protons from the water molecules across the thylakoid membrane into the stroma, or intra-chloroplastal space. The increased concentration of protons initiates facilitated diffusion back a cross the thylakoid membrane across ATP synthases, this diffusive enzyme produces ATP that will used primarily in the Calvin cycle. The electrons are appended to a new chlorophyll and protein network called Photosystem I. The process is exactly the same, except the chlorophyll tends to have a greater affinity for photons at 700 nm wavelengths. The electrons are fed through a different electron transport chain than before, and the electrons are appended, by an enzyme called NADP+ reductase, to an NADP+. This reaction increases the number of protons in the stroma. These reactions are often referred to as noncyclic electron flow. (This is because the electrons are not being reused simply to regenerate ATP as in cyclic electron flow.)
The light independent reactions, or the Calvin cycle, occur outside the thylakoid units in the stroma. The reactions begin with a set of 3CO2 appending to 3 Ribulose bisphosphate (RuBP) by enzyme the enzyme rubisco, or if you don’t like to think of your enzymes as subsidiaries of Nabisco, it is also know as oxygenase and ribulose 1,5-bisphosphate carboxylase. This enzyme is located on the stroma side of the thylakoid membranes, but its products are not permeable to the membrane. The six carbon molecule that forms is so unstable that it spontaneously cleaves and forms 6 3-Phosphoglycerate. These molecules pass through a phosphorylation of a phosphate ion from an ATP molecule and reduction from a set of 6 NADPH molecule, and the six tri-carbon glycerates become 6 Gylceraldehyde-3-phosphate (G3P). One of these molecules is released from the cycle to form whatever carbon-based molecule the cell needs. About half of the G3P released from the cell is used for glycolysis and oxidative phosphorylation in cytosol and mitochondira, respectively. The other G3P is broken by a cycle of enzymes: transketolase, aldolase, phosphatase, phsophopentose epimerase, phosphopentose isomerase, and phosphoribulose kinase. These enzymes, in the order mentioned, modify the remaining molecules into a series of xylulose-phosphates, erythrose monophosphates, sedoheptulose-bisphosphates, riboses, ribuloses and so on. After all the reactions the resulting molecule is another Ribulose-1,5-bisphosphate to continue the cycle. This cycle is powered by the NADPH and ATP that were synthesized in the light dependent reactions. These processes usually occur simultaneously and the enzymes in both reactions are sensitive to fluctuations in molecular concentrations of each process. For example, the light based reactions are compelled into cyclic electron flow when the NADPH concentration increases in the stroma. (Chemically this indicates to the cell that the Calvin cycle has slowed in the stroma and not enough ATP is arriving to perpetuate the cycle.) Similarly, when CO2 decreases in the plant, often due to stomata closing to prevent transpiriation, the Calvin cycle will use the products of light dependent reactions, phosphorylated ATP and reduced NADPH, to break O2 in the rubisco enzyme, making phosphoglycolate (a bi-carbonate) and 3-phsophoglycerate (a tri-corbonate). This makes the reaction half as effective as it is with carbon dioxide instead of molecular oxygen. This potential of rubisco to react with several substrates decreases the efficiency of the protein. This potential means that if an O2 is randomly passing through the various membranes in the chloroplast it might encounter a rubisco enzyme and react with it. Each of these examples shows the way that the two cycles can interact, be disrupted by each other, and be disrupted by outside forces.
In autotrophic cells, both of these reactions work together to provide the organism with the facility to create carbonic molecules that are necessary for all basic biological processes without ‘transporting’ themselves. These organisms, with the need for carbon molecule production removed, can begin to create symbiotic relationships giving the autotrophs nitrogenic nutrients and other capabilities increasing the immobile autotrophs’ ability to survive. The energy and nutrients gained by photosynthetic autotrophs in turn give energy to herbivoric and omnivoric consumers and so on. The solar electromagnetic energy of photons, utilized by plants in the diverse processes of light-dependent and light-independent reactions, serves as the basis for energy travel through the trophic levels of all ecosystems, which is the basis of survival for all organisms.
