Revision Cards-Photosynthesis
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Photosynthesis 1

· Autotrophs (e.g. plants, algae, some bacteria) use light/chemical energy, CO2 and H2O to make complex organic food molecules (e.g. starch).

· Heterotrophs (e.g. animals, fungi, some bacteria) digest complex organic food molecules into simpler, soluble molecules which provide energy.

· Photosynthesis is autotrophism and it produces molecules like starch. Both plants and animals need these molecules in respiration.

· Photosynthesis occurs in chloroplasts of plant cells in two stages: light-dependent using chlorophyll; and light-independent.
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Photosynthesis 2

· A photosynthetic pigment (e.g. chlorophyll) is a molecule that absorbs light energy – usually only of a certain wavelength.

· Chlorophyll a has two types P680 and P700. They both absorb red light but at different absorption peaks (680 nm and 700 nm).

· Chloroplasts have grana made of thylakoid membranes for light-dependent stage and stroma for light-independent stage.

· Thylakoid membranes contain proteins and chlorophyll in two photosystems (PSI and PSII) for absorbing light and producing ATP.
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Photosynthesis 3 – photolysis and photophosphorylation

· PS II has an enzyme that (using light energy) can split water into H+ ions (protons), electrons and oxygen – called photolysis and uses light energy.

· The light photons cause chlorophyll to lose two high-energy electrons which are then passed along carriers in the thylakoid, releasing energy.

· The released energy pumps protons across the membrane which diffuse through channels with ATP synthase enzyme – ATP is made.

· This is called photophosphorylation and there are two kinds – cyclic and non-cyclic.
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Photosynthesis 4 – cyclic and non-cyclic photophosphorylation
· Non-cyclic: light hits PSII; 2 electrons go from chlorophyll and down carriers to PSI; ATP is made (photophosphorylation). (See card 17.)

· Light also hits PSI and it loses 2 electrons which are replaced by those lost from PSII. PSII regains electrons from photolysis.

· Electrons from PSI join protons (from photolysis of water) and combine with NADP to form reduced NADP (NADPH) (goes to next stage).

· Cyclic (only PSI): light hits PSI; 2 electrons go to a carrier and back to PSI. No NADPH made and only small amount of ATP.
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Photosynthesis 5 – light-independent (Calvin cycle)

· CO2 (via stomata) combines with Ribulose bisphosphate (RuBP) (5C) to make 2 molecules of glycerate 3-phosphate (GP) (2 x 3C). Enzyme rubisco catalyses this reaction.

· GP is phosphorylated and reduced to form triose phosphate (TP) using ATP and reduced NADP from light-dependent stage. 

· 5 out of 6 TP (5 x 3C) molecules are recycled back to 3 molecules of RuBP (3 x 5C) which fixes more CO2 in a cycle.

· The rest of TP is used to make other compounds – lipids, amino acids or carbohydrates (e.g. 2 TP combine to make 6C glucose). 
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Photosynthesis 6 – factors affecting photosynthesis

· A limiting factor (e.g. temperature) is the one in the least supply compared with the other factors and can determine the rate of photosynthesis.

· Low light intensity: less ATP/reduced NADP from light-dependent stage – less GP changed to TP; GP will build up – TP and RuBP will fall.

· Low CO2 conc: leads to fewer molecules of GP (CO2 fixation) – fewer TP molecules and rate of light- independent stage decreases.

· Light-dependent stage is not enzymatic so temperature will not affect rate but it will affect rate of enzymes in light-independent stage. 
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