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Photosynthesis: Carbon Dioxide Fixation – Background information

Photosynthesis is the process by which photoautotrophic organisms harness energy from sunlight and convert it into chemical energy. These organisms use carbon dioxide (CO2) and water (H2O) in their environment to make carbohydrates (such as glucose), which is used by the organism, and oxygen (O2), which is released as a by-product.[image: ]
The advent of photosynthesis possibly had a greater impact on life on Earth than any other evolutionary innovation. Photosynthetic organisms provide the food that supports most other forms of life on earth. The release of O2 gas, an unwanted by-product of photosynthesis, allows for terrestrial life as we know it. Over a period of a few billion years, O2 released by photosynthetic organisms increased the O2 in the Earth's atmosphere from essentially zero to its current 21% O2 content.
The general equation for the photosynthesis process is as follows:
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The process of photosynthesis occurs in two stages:
1. Light-dependent reactions
2. Calvin-Benson cycle (sometimes called the light-independent reactions) 
[bookmark: _vhz3kxbjysp9]Light-dependent reactions
During the light-dependent reactions, energy from sunlight is trapped and used to strip the electrons from H2O. These electrons energize pumps that power the chemiosmotic production of adenosine triphosphate (ATP). They are then transferred to nicotinamide adenine dinucleotide phosphate (NADP+) and, with a couple of hydrogen ions, NADPH + H+ is produced. The by-product is released as O2 gas. The energy (stored in ATP) and the electrons (stored in NADPH) are used for the process of carbon fixation. Chlorophyll is the primary molecule that converts energy from the photons and stores it in the carrier molecules.
The light-dependent reaction is as follows:
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[bookmark: _8sxilvg7pfvx]Calvin-Benson cycle
Carbon fixation occurs in the second process of photosynthesis: the Calvin-Benson cycle. This is the process through which CO2 is converted into carbohydrates, such as glucose and starch. Although light is not directly used by this process, energy (from ATP) and electrons (from NADPH) from the light-dependent reactions are required. The primary enzyme that catalyzes this reaction is known as rubisco. 

The overall light-independent reaction is as follows:
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The light-dependent and Calvin-Benson reactions are interdependent, that is, one cannot occur without the other. Thus, despite the common misconception, the Calvin-Benson (light-independent) reaction will not occur in the dark because it needs the ATP and NADPH provided by the light-dependent reaction. (Likewise, the light-dependent reaction needs the ADP and NADP+ from the Calvin-Benson cycle to occur).
[bookmark: _ra917dqdraew]Measuring photosynthesis
There are two strategies we can use to measure the biochemical reaction: depletion of reactants, or the accumulation of products. For photosynthesis, the reactants are H2O and CO2, and the products are O2 and carbohydrates. We could measure the quantity of carbohydrates produced, but this requires destruction of the leaf, preventing multiple measurements of the same leaf over time. Measuring the water used is impractical. Measuring the CO2 and O2 by-products is possible. CO2 has many chemical properties that make it an ideal subject.
Dissolved inorganic carbon (DIC) occurs as four different forms in freshwater: 
· Carbon dioxide (CO2)
· Carbonic acid (H2CO3) 
· Bicarbonate (HCO3-)
· Carbonate (CO32-)
The total amount of DIC largely determines the buffering capacity of freshwater, and the ratio of these forms largely determines the pH. CO2 dissolves readily in water. At equilibrium between air and water, the concentration of CO2 is approximately equal at about 0.5 mg/L in both. Boiling and rapidly cooling water can drive off much of the CO2 in solution. To increase the DIC, NaHCO3 (sodium bicarbonate/baking soda) may be added.
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The pH of well-buffered water normally fluctuates between 6.5 and 9. A number of species of aquatic plants can absorb the bicarbonate ion (HCO3-), keep the CO2, and excrete the OH-. The release of carbonate (converted from bicarbonate) by plant life can cause pH to climb dramatically during periods of rapid photosynthesis.
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These plants usually live in crowded conditions and/or slow moving water. In good light, they can raise the pH to 10. When pH is greater than 8.3, limestone (CaCO3) may precipitate on their leaves (Elodea, Najas, and Ceratophyllum are examples of this).
[bookmark: _oxmvwayuo5ey]Respiration
Plants use the carbohydrates they make. They undergo glycolysis in the cytoplasm, and cellular respiration in the mitochondria, to harvest energy stored in the bonds of carbohydrates. The general equation is:
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Fortunately for us, the photosynthesizers usually make more carbohydrates and O2 than they consume.
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[bookmark: _oz1caky70pju]Pre-Lab Prep Quiz
1. Which type of organism obtains energy by metabolizing molecules produced by other organisms?
a. Autotrophs
b. Chemoautotrophs
c. Heterotrophs
2. Which of the following statements best describes the relationship between photosynthesis and respiration?
a. ATP molecules are produced in photosynthesis, and then used in respiration.
b. Photosynthesis stores energy in complex organic molecules, while respiration releases it.
c. Respiration is anabolic and photosynthesis is catabolic.
d. Respiration is the reversal of the biochemical pathways of photosynthesis.
3. What is the primary function of the Calvin-Benson cycle?
a. To split water and release O2.
b. To synthesize simple sugars from CO2.
c. To use ATP to release CO2.
d. To use NADPH to release CO2.
4. Which of the following statements regarding the Calvin-Benson cycle is false?
a. During the cycle, rubisco attaches CO2 to H2O.
b. One of the end products is carbohydrates.
c. The energy source utilized is the ATP and NADPH obtained through the light reactions.
d. These reactions begin soon after sunrise and end before sundown.
5. Which of the following occurs in the light-dependent stage of photosynthesis?
a. Carbon fixation
b. Consumption of ATP
c. Oxidation of NADPH
d. Release of oxygen
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