Chapter 10: Photosynthesis
Photosynthesis: Plants undergo photosynthesis to convert light energy from the sun into chemical energy stored in sugar and other organic molecules. They usually make extra sugar and save it by synthesizing starch, storing it in chloroplasts, and storing it in roots, tubers, seeds, and fruits. 6CO2 + 12H2O + light ( 6O2 + 6H2O
Autotrophs: These take resources from their environment but can sustain themselves without eating other organisms/substances derived from other organisms.
Photoautotrophs: These are organisms that use light as a source of energy to synthesize organic substances.

Chemoautotrophs: These obtain energy by oxidizing inorganic substances such as sulfur or ammonia.
Heterotrophs: These obtain organic material by consuming other organisms.

Cylorophyll: This green pigment located within chloroplasts absorbs light energy to drive the synthesis of food molecules in the chloroplast.

Mesophyll: These cells in the interior of the leaf contain chloroplasts. A typical mesophyll cell has 30-40 chloroplasts. 
Stomata: These microscopic pores allow carbon dioxide to enter the leaf while allowing oxygen to leave it.
Light Reactions: The first part of photosynthesis, these reactions convert solar energy into chemical energy. The light absorbed by the chlorophyll transfers electrons/hydrogen from water to NADP+. As water splits, O2 is given off as a by-product and NADP+ accepts the electron. The light reactions then use light energy to convert NADP+ into NADPH by adding a pair of electrons along with an H+ ion. They also generate ATP by powering the addition of a phosphate group to ADP, a process called photophosphorylation.
Wavelength: This value is the distance between adjacent crests of electromagnetic waves.

Electromagnetic Spectrum: This is the entire range of radiation.
Visible Light: This ranges from 380-750nm in wavelength and is detected as various colors by the human eye.

Photons: These are discrete particle of light.

Spectrophotometer: This device directs beams of light of different wavelengths through a solution and measure the fraction of light transmitted/absorbed at each wavelength.

Absorption spectrum: This graph plots the pigment’s light absorption versus wavelength.

Chlorophyll a: This type of chlorophyll has blue and red light working best for photosynthesis while green is the least effective color (reflects).
Action spectrum: This graph profiles the performance of different wavelengths.

Chlorophyll b: This accessory pigment is similar to chlorophyll a but has a slight structural difference, so the two pigments absorb different colors.
Carotenoids: These are other accessory pigments which are hydrocarbons made of various shades of yellow and orange. Cartenoids may broaden the spectrum of colors that can be used for photosynthesis. 
Photoprotection: Instead of transmitting energy to chlorophyll, these carotenoids will dissipate light to prevent damage to the chlorophyll.
Fluorescence: This afterglow results from an electron jumping to a state of greater energy then falling back to ground state.
Photosystems: These are areas in which chlorophyll is organized along with proteins and other small organic molecules. The photons transfer their energy along the antenna pigment molecules of the photosystem until reach the chlorophyll a located at the reaction center. These have a magnesium center and are made up of a porphyrin ring and a hydrocarbon tail.
Reaction Center: This position holds a special chlorophyll a where the first light-driven chemical reaction of photosynthesis occurs.

Primary Electron Acceptor: In a redox reaction, the chlorophyll a molecule loses one of its electrons to the primary electron acceptor, which is also located at the reaction center. This reaction occurs when light excites the electron. 
Noncyclic electron flow: In this route, light hits the photosystem II and transfers its energy until it reaches the P680 (reaction center chlorophyll). There, it splits water and uses the transferred energy to excite the two electrons. The electron passes to photosystem I through an electron transport chain. As the electrons move down the steps of the chain, the energy is harnessed by the thylakoid membrane to produce ATP. This is called noncyclic photophosphorylation. As the electron reaches the P700, the electrons are energized again by incoming photons and goes falls down a second electron transport chain. At the end, an enzyme called NADP+ reductase transfers electrons from Fd to NADP+ and stores those electrons as NADPH.
Cyclic Electron Flow: In this route, only photosystem I is used. There is no production of NADPH and no release of oxygen. It generates some ATP, however, in a process called cyclic photophosphorylation. This process generates the necessary ATP for the Calvin cycle (which uses more ATP than NADPH). 
Comparing Mitochondria and Chloroplasts: Both organelles use chemiosmosis to generate ATP. They use the proton-motive force to convert energy stored in the form of an H+ gradient to power ATP synthase. In mitochondria, organic materials are needed for ATP synthesis, but chloroplasts need only light. In mitochondria, the inner membrane pumps protons from the mitochondrial matrix to the intermembrane space while the thylakoid membrane of the chloroplast pumps protons from the stroma into the thylakoid space. In this manner, ATP forms in the stroma, where it can drive sugar synthesis in the Calvin cycle. 
Calvin Cycle: This cycle begins by incorporating CO2 from the air into organic molecules already present in the chloroplast. The process of incorporating carbon into organic compounds is called carbon fixation. The Calvin cycle reduces the carbon to carbohydrates by adding electrons from NADPH. It then uses ATP to generate carbohydrates from CO2. This cycle does not require light.
Glyceraldehyde-3-phosphate (G3P): This three-carbon sugar is produced by the Calvin Cycle. The Calvin cycle requires 3 molecules of CO2 to be fixed. To do this, the enzyme rubisco attaches the CO2 molecule to RuBP. It produces the unstable six-carbon compound which immediately splits into two molecules of 3-phosphoglycerate. After 6 ATP are used, it becomes 1, 3-Biphosphoglycerate, which becomes G3P after NADPH gives a pair of electrons to reduce the carboxyl group. For every three molecules of CO2, there are six molecules of G3P produced. One molecule of G3P exits the cycle and the other 5 molecules of G3P uses another 3 ATP to add a phosphate group and form RuBP once again.
C3 plants: These plants create the three-carbon compound 3-phosphoglycerate after carbon fixation. Rice, wheat, and soybeans are important C3 plants.

Photorespiration: On hot days, the stomata close, so there is little CO2. As a result, rubisco accepts oxygen instead and yields a two-carbon compound that is exported from the chloroplast. Unlike cellular respiration, this process generates no ATP and produces no food. Instead, it decreases the photosynthetic output by taking organic materials away from the Calvin cycle.
C4 plants: These use a four-carbon product to fix carbon. Important C4 plants include sugarcane and corn, members of the grass family. The two types of cells in these plants are bundle-sheath cells and mesophyll cells. The bundle-sheath cells are arranged into sheaths around the veins of the leaf. Between this sheath and the leaf surface are loosely arranged mesophyll cells. The enzyme PEP carboxylase adds CO2 to PEP to form the four-carbon product oxaloacetate. Using this method of carbon fixing requires ATP.
CAM Plants: These plants use crassulacean acid metabolism (CAM) by taking up CO2 at night and incorporating it into a variety of organic acids. The mesophyll cells of these plants store the organic acids at night and allow the light reactions that occur during the day to power the rest of photosynthesis. Pineapple, for example, is a CAM plant.
