Biology 1000
Chapter 7 Readings and Notes

7.1a The Two Parts of Photosynthesis 
· Photosynthetic organism are photoautotrophs and are classified as primary producers of earth 
· Convert sunlight into chemical energy and use it to assemble complex organic molecules which is used for either itself or as food sources for consumers 
· Photosynthesis can be split into…
· 1. Light Dependent Reaction
· Absorption of light by pigment molecules, used to synthesize NADPH and ATP 
· Involves ETC which uses electrons donated from water
· 2H2O + light energy  4H+ + 4e- + O2
· 2. Light Independent Reaction (Calvin Cycle)
· Carbon Fixation: electrons in NADPH and energy from ATP are used to convert CO2 from inorganic to organic form 
· Electrons are added to CO2 which is then converted to a carbohydrate in a 1:2:1 ratio 
· CO2 + H+ + e-  (CH2O)n
· 3 carbon sugars are primary product of Calvin cycle which can be used to form 6-C molecules such as glucose
· Photosynthesis: 6CO2 + 12H2O  C6H12O6 + 6O2 + 6H2O
· All organic molecules of plants are assembled as direct/indirect products of photosynthesis 
· Photosynthesis normally occurs in the chloroplast of photoautotrophic eukaryotes (plants and algae) and in photosynthetic prokaryotes 

7.1b In Eukaryotes, Photosynthesis Takes Place in Chloroplasts 
· Chloroplast: organelle that is formed from three membranes that consist of 3 distinctive compartments
· 1. Outer membrane: covers entire surface of organelle
· 2. Inner membrane
· [bookmark: _GoBack]Aqueous environment within the inner membrane is the stroma
· W/in the stroma is the third membrane system called thylakoid membranes, often forming flattened closed sacs
· Space w/in thylakoid is called the thylakoid lumen  
· Thylakoid membranes houses the molecules that carry out the light reaction in photosynthesis, including pigments, electron transfer carriers, and ATP synthase enzymes for ATP production 
· 3. Inter membrane
· Organisms w/out chloroplast may still be photosynthetic 
· Normally consist of thylakoid membranes formed from infoldings of plasma membrane 

7.2a Electrons in Pigment Molecules Absorb Light Energy 
· There are 3 possible outcomes of a electron after light absorption, which depends on surrounding environments
· 1.  Excited electron may fall back to ground state where the energy is released as heat or fluorescence (light of longer wavelength than the absorbed light due to laws of thermodynamic) 
· 2. Inductive Resonance: energy of excited electron is transferred to neighboring pigment molecule 
· Requires both molecules to be very close and precisely aligned with one another 
· 3. Excited state electron be itself transferred to a nearby electron accepting molecule (primary acceptor) 

7.2b Chlorophylls and Carotenoids Cooperate in Light Absorption 
· Chlorophyll are the major photosynthetic pigments in plants, green algae, and cyanobacteria
· Most dominant are chlorophyll a and b (CHO-b and CH3-a)
· Chlorophyll a is the only one that becomes oxidized and donates e- to primary acceptor 
· Closely related molecules, bacteriochlorophylls, carry out same functions in groups of photosynthetic prokaryotes other than cyanobacteria 
· Carotenoids are the 2nd major group of pigments 
· Chlorophyll b and carotenoids are accessory pigments b/c they donate excitation energy by inductive resonance of chlorophyll a 
· Absorption Spectrum: plot of the absorption of light as a function of wavelength
· Used to determine wavelengths of light absorbed by a pigment 
· Whenever action spectrum for a physiological phenomenon matches absorption of a spectrum of a pigment, it is highly suggestive that the two are linked 

7.2c Photosynthetic Pigments Are Organized into Photosystems
· Pigment molecules are bound w/in thylakoids to a number of different proteins
· Organized into photosystems
· Each consist of an antenna complex: pigment proteins that surround a central reaction centre (consist of a small number of proteins that bind a pair of specialized chlorophyll a molecules as well as primary electron acceptor) 
· There are two types of photosystem: I (P700) and II (P680)
· Are identical in structures, different absorption of light are due to interaction of particular proteins in photosystem 
· Function is to trap photos of light and use the energy to oxidize a reaction centre chlorophyll, with the e- being transferred to the primary electron acceptor 
· High rates of re-dox are achieved by large antenna complex of pigments absorbing light of a range of wavelengths and efficiently transferring energy to the reaction through  inductive resonance 

7.3a The Structure and Function of Photosystem II
· Oxygenic photosystem is the result of the development of photosystem II 
· Sequence of reactions in photosystem II are as followed
· 1. Photons are absorbed by the antenna complex which transfers the energy to the reaction centre resulting in an electron in P680  being raised from ground state  excited state 
· 2. P680 is then oxidized to P680+ by the primary electron acceptor of PSII, a molecule called pheophytin, initiating electron transport by donating e- to plastoquinone (PQ)
· 3. P680 is reformed from P680+ by gaining e- by oxidizing water 
· Reduction of P680+ is facilitated by an enzyme subunit of PSII called water-splitting complex
· Absorption of energetic photons of light in combination with formation of strong oxidants as P680+ and O2 makes reaction centre of PSII susceptible to damage by reactive oxygen species
· Can cause irreversible damage, however countered by efficient and elaborate system of repair 


7.3b Linear Electron Transport 
· Non-cyclic electron pathway	
· 1. Oxidation of P680
· Absorption of light energy reduces P680 which is oxidized by the primary electron acceptor 
· 2. Redox reaction of the plastoquinone pool 
· PQ travels between lipid bilayer and transfers e- to cytochrome complex
· When PQ gains e- from PSII, it also gains proton from stroma which is released in the lumen when electron is donated
· 3. Electron Transfer from the cytochrome complex and shuttling by plastocyanin 
· Electron is transferred from cytochrome complex to plastocyanin to PSI
· 4. Re-dox reaction of P700
· Formation of P700 occurs after absorption of light which is then oxidized but reduced once again by the donation of electron from plastocyanin 
· 5. Electron Transfer to NADP+ by ferredoxin 
· Electron from PSI is transferred to ferredoxin, an iron-sulphur protein which transfers the e- to NADP+, the final acceptor of the noncyclic pathway facilitated by the enzyme, NADP+ reductase 

7.3c Chemiosmotic Synthesis of ATP 
· Proton gradient is derived from the continuous redox reaction of plastoquinone, enhanced by addition of two protons for each water molecule oxidized on the luminal side of PSII, and removal of 1 proton from the stroma for each NADPH molecule synthesized 
· Proton motive forced created across the thylakoid membrane is used to synthesize ATP by chemiosmosis using chloroplast ATP synthase

7.3d what is Light Actually used for
· Chlorophyll molecules in reaction centres of PSII and PSI are not realily oxidized, thus the absorption of light energy and funneling of high energy to reaction centres boost energy level of electrons to an acceptable state to be oxidized 
· A second photon of light must be absorbed to form P700* which is the only state that can donate e- to ferrdoxin 

7.3e Stoichiometry of Linear Electron Transport
· To move a single electron down the chain requires absorption of two photons, thus to get 4 electrons, the photosynthetic apparatus needs to absorb 8 photons of light, 4 by each photosystem 

7.3f Cyclic Electron Transport
· Photosystem I can function independently w/put PSII in cyclic electron transport 
· Instead of ferredoxin donating electron to NADP+ it transfers the e- back to PQ pool thus, a causes a continuous movement of protons across the thylakoid membrane
· Net result is conversion of light energy absorbed to create ATP without synthesis of NADPH 
· Cyclic cycle is important b/c reduction of CO2 requires more ATP then NADPH and it also supplies other energy requiring reactions in the chloroplast

7.4a The Calvin Cycle Reduces CO2 to a Carbohydrate 
· Divided into 3 phases
· 1. Carbon Fixation
·  CO2 5 carbon ribulose 1,5-bisphosphate (RuBP)  produces 2,  3 carbon 3-phosphoglycerate 

· 2. Reduction
· Each 3-phosphoglycerate are phosphorylated from hydrolysis of ATP, producing 1,3-bisphophoglycerate which is then reduced by NADPH producing 2 moelcules of G3P 
· 3. Regeneration 
· 5 of the 6 carbons produced are used to generate RuBP again to be used in the cycle and 1 G3P is produced 
· Each G3P produced requires 9 ATP and 6 NADPH which are regenerated in light reactions 

7.4b G3P is the Starting Point for Synthesis of Many Other Organic Molecules
· G3P is the starting point for production of a wide variety of organic molecules 
· Reactions forming complex molecules occur w/in the chloroplast and in the surrounding cytosol and nucleus 
· Sucrose is the main form in which products of photosynthesis circulate from cell to cell in higher plants
· Alost many organic nutrients are stored in sucrose, start or a combination of the two depending on plant species 

7.4c Rubisco: The Most Abundant Protein on Earth 
· Arguably the most important enzyme of the biosphere b/c it catalyzes CO2 fixation in all photoautotrophs, providing the source of organic carbon molecules for most of the world’s organisms 
· World’s most abundant protein (50%+ in chloroplast) 
· Is cubed shaped contain 8 small subunits and 8 large subunits 
· Each large subunit contain active site for CO2 and RuBP
· Large subunit is encoded by gene of the chloroplast genome and small subunit is encoded by gene found in the nucleus
· After the small subunit polypeptide is synthesized in the cytosol it is imported into the chloroplast associating it with the large subunit to make the functional enzyme
· Majority of enzymes are encoded by nuclear genome and synthesized on ribosomes in the cytosol which are then transferred to the organelle through specific transport complexes

7.5 Photorespiration and CO2 Concentrating Mechanism 
· Photorespiration: catalyzation of O2 to RuBP by rubisco which is toxic, resulting in a loss of carbon from the cell and consumption of ATP

7.5a The Oxygenase Activity of Rubisco 
· Incorporation of CO2 into RuBP leads to increase in carbon of the planet producing two molecules of 2 G3P whereas, addition of O2 produces  a single G3P and one phosphoglycolate, thus no carbon gain 
· However phosphoglycolate cannot be used and when trying to break it down, results in a toxic molecule called glycolate which results in the release of CO2 when trying to eliminate it 
· Active site of Rubisco has greater affinity for CO2 as oppose to O2 and rate of carboxylation reaction occurs about 80 times faster than oxygenation 
· However, in our atmosphere, there is a greater supply of O2 compared to CO2



7.5b Carbon-Concentrating Mechanisms in Algae
· Aquatic photoautotrophs including cyanobacteria, phytoplankton, and various other algae possess a carbon concentrating mechanism where 
· Inorganic carbon is actively pumped into their cells such that CO2 is higher than normally through simple diffusion
· Results in CO2 to outcompete O2 for active site on rubisco 

7.5c Photorespiration and the Problem of Temperature  
· Terrestrial plats face the problem of water loss
· However counters this issue by having a waxy layer on its leaves which prevents water loss, but also prevents rapid diffusion of gases such as CO2 into the leaf 
· To increase rates of gas exchange, there are small pores called stomata which can be controlled openly and closed depending on plants needs 
· As temperature increases, so does photorespiration and thus causes a waste of energy in plants

7.5d The C4 Pathway Circumvents Photorespiration 
· Some plants adapt to hot dry climates by having a 2nd carbon fixation pathway called the C4 cycle 
· CO2 combines w/ PEP producing 4-carbon intermediate oxaloacetate, which is then reduced to malate by e- from NADPH. Malate then gets oxidized to pyruvate and converted back to PEP meanwhile and CO2 is released 
· Also used to prevent photorespiration

7.5e C4 Plants
· Many tropical and several temperate crop species posses the C4 metabolism
· Occurs in the mesophyll cells which lie close to the surface of leaves and stems where O2 is abundant 
· The malate in the C4 cycle diffuses from the mesophyll cells to bundle sheath cells located in deeper tissues where O2 is less abundant and where Calvin cycle occurs
· Malate enters the chloroplast and is converted to pyruvate and CO2
· Results in inhibition of oxygenase activity of rubisco
· Not all plants use the C4 mechanism because it uses an extra AP which is additional energy equivalent to 6 ATP molecules for each G3P produced 	
· However in hot climates, photorespiration can decrease carbon fixation efficiency by over 50% which is worth the additional ATP. Also the extra ATP can be regenerated from the increase output of light reactions 
· C4 plants perform better in hot/dry areas because PEP carboxylase has high affinity for CO2 thus more efficient at fixing CO2 than C3 plants 
· Don’t have to keep stoma opened as long and reduce water loss

7.5f CAM Plants
· Crassulacean acid metabolism (CAM): plants that run the Calvin and C4 cycle at different times 
· Live in regions that are hot and dry during the day and cool at night 
· Leaves contain low surface-to-volume ratio 
· Stomata open only at night when they release O2 made during the day and CO2 in
· Entering CO2 is converted to malate which is used to create pyruvate and CO2 which is used in Calvin cycle 
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