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Autotrophs – produce organic molecules from carbon dioxide       producers of the biosphere

     Photoautotrophs – use light as energy source 

     Chemoautotrophs – make organic molecules without aid of light

           Get energy by oxidizing inorganic substances

Heterotrophs – live on compounds produced by other organisms

Chloroplasts

   Site of photosynthesis      ½ million/square millimeter in green leaves

    Green color comes from pigment called chlorophyll

     Chlorophyll pigment absorbs energy of sunlight   energy used to drive synthesis of food molecules

     Chloroplasts found mainly in cells of the mesophyll – interior of leaf.

      Carbon dioxide enters and oxygen exits through tiny openings in the leaf called stomata (stoma)

       Water from roots gets to leaves by veins which take manufactured sugars to other plant parts

       30 –40 chloroplasts per mesophyll cells 

         double membrane organelle

          intermembrane space between inner and outer membranes

          inner membrane encloses thick fluid called stroma

          system of interconnected membranes called thylakoid membranes separates stroma from thylakoid space

           thylakoid sacs can be stacked in columns called grana

           chlorophyll pigment molecules built into thylakoid membranes

Nature of sunlight

        Light is form of energy called electromagnetic energy or electromagnetic radiation 

         Travels in waves        wavelength – distance between crest of 2 waves

        Electromagnetic spectrum – entire range of radiation from very short gamma rays to very long radio waves

        Visible light is small part of entire spectrum    380-750 nm

        Light also has properties best explained as discrete particles of light called photons

             Have a fixed amount of energy  with shorter wavelength having greater energy

             Atmosphere screens most other radiation except visible light

             Radiation of visible light drives photosynthesis

            Light meets matter and light can be transmitted, reflected or absorbed

             Pigments are substances which can absorb light

              Pigments absorb light of different wavelengths and absorbed wavelengths disappear

             Colors we see are reflected or transmitted

                Chlorophyll is ‘green’ because it absorbs the blue and red wavelengths of light and reflects the green wavelengths

               Ability of a pigment to absorb different wavelengths of light measured by a spectrophotometer

                Can vary wavelength of light and determine fraction of light absorbed and fraction transmitted

                 Gives an absorption spectrum for a pigment

                    3 pigments – carotenes, chlorophyll a and b
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Overall equation 

       6 CO2    +     12 H2O     +  light energy       ----------------(           C6H12O6      + 6 O2       +    6   H2O

         carbon atoms from carbon dioxide become carbon atoms in glucose

         oxygen atoms in carbon dioxide become oxygen atoms in glucose and in water

         hydrogen atoms in reactant water become hydrogen atoms in glucose and in product water 

         oxygen atoms in reactant water become oxygen atoms in product oxygen gas

          oxygen atoms in product oxygen gas DO NOT come from oxygen atoms in carbon dioxide

         most important result of shuffling of atoms during photosynthesis is extraction of hydrogen from water and incorporation into sugar

  Photosynthesis 

        2 reactions – light reactions and Calvin cycle

                            light reactions convert solar energy to chemical energy

                            Calvin cycle produces the sugar 

        Light reactions

              Convert solar energy to chemical energy of ATP and NADPH

              When pigments absorb photons of light some wavelengths of light disappear (get absorbed)

                   Rest of wavelengths reflected or transmitted

               When molecule absorbs a photon an electron in the molecule is elevated or excited to an orbital with greater potential       energy

                               Pigment molecule in an excited state

                In car surface pigments or in isolated chlorophyll molecules energy is released immediately giving off heat or fluorescence

                    Electron returns to original ground (unexcited) state

               In photosynthesis chlorophyll a  or b or carotenoids absorb photons but do not immediately release energy as heat

                Pigment molecules built into a cluster of pigment molecules in the thylakoid membrane called a photosystem

                   Photon hits any of the pigment molecules and an electron absorbs the energy and reaches an excited state

                   Energy is not dissipated as heat but high energy electron is passed from 1 pigment molecule to another until reaches 

                           Reaction center chlorophyll a molecule

                   Transfer of high energy electron from reaction center chlorophyll a to primary electron acceptor prevents electron 

                          From returning to ground state

                 2 slightly different photosystems exist in thylakoid membranes

                     cooperate in light reactions 

                     each photosystem has a characteristic reaction center – particular kind of primary electron acceptor next to a

                          chlorophyll a molecule associated with specific proteins

                     photosystem I reaction center chlorophyll a called P700 since absorbs best at wavelength of 700 nm

                     photosystem II reaction center chlorophyll a called P680 since absorbs best at wavelength of 680 nm

                        association of chlorophyll a molecule with different proteins in thylakoid membrane gives different absorption

                  during light reactions of photosynthesis have 2 possible routes for electron flow:  cyclic and noncyclic

                      noncyclic electron flow is predominant

                         2 photosystems I and II connected by an electron transport chain and producing ATP and NADPH

                                for use in the Calvin cycle

                          photosystem I absorbs light and excites electron to high energy state which is captured by reaction center

                               chlorophyll a and passed to primary electron acceptor

                           chlorophyll a now lacks an electron and becomes very strong oxidizing agent; electron hole must be filled

                             enzyme extracts electrons from water and gives them to P680      reaction splits water forming oxygen gas

                             photosystem II called water splitting photosystem of light reaction

                        each photoexcited electron passes from primary electron acceptor of photosystem II to photosystem I via 

                           electron transport chain similar to one seen in cellular respiration

                            chloroplast has electron carrier called plastoquinone, a complex of 2 cytochrome proteins similar to 

                                   mitochondrial cytochromes and a copper containing protein called plastocynanin

                              energy in electrons moving down the electron transport chain is extracted step by step and used to 

                                   generate a hydrogen ion gradient across the thylakoid membrane where hydrogen ions only get 

                                      through the membrane protein complex called ATP synthase

                          when electron reaches bottom of electron transport chain the electron is used to fill an electron hole in P700

                                 this electron hole is occurs because photons excite electrons to a higher energy state in photosystem I

                                  and these high energy electrons pass from P700 to primary electron acceptor of photosystem I

                             primary electron acceptor of photosystem I passes the hugh energy photoexcited electron to 2nd 

                                 electron transport chain which transmits them to ferrodoxin, an iron-containing protein which transmits it

                                    to NADP+ reductase which forms NADPH by reduction reaction

                                  NADPH used in Calvin cycle to make glucose 

                           Cyclic electron flow

                                  Calvin cycle uses more ATP than NADPH

                                   Noncyclic electron flow produces equal amounts of ATP and NADPH

                                   Need more ATP    get it from cyclic electron flow

                                   Uses only photosystem I   electron from plastocyanin is cycled to primary electron acceptor the to

                                            Ferrodoxin then to cytochrome complex in 1st electron transport chain then back to plastocyanin

                                   Generates ATP but no NADPH      rise in NADPH relative to ATP is trigger for switch to cyclic 

                                        Electron flow

               Calvin cycle

                         Carbon enters in form of carbon dioxide and leaves as sugar 

                         Direct product of Calvin cycle is glyceraldehydes 3 phosphate

                            Cycle goes 3 times to make 1   G3P    brings in 1 carbon at a time

                          Phase 1 – carbon fixation – carbon dioxide attached to ribulose bisphosphate 

                                    Catalyzed by ribulose bisphosphate carboxylase or rubisco

                                    Forms 3-phosphoglyceric acid or 3PG

                           Phase 2 – reduction – use ATP from light reactions to phosphorylate  3PG and electrons from 

                                   NADPH used to reduce 3PG to G3P which stores more potential energy

                           Phase 3 – regeneration of carbon dioxide acceptor – RuBP

                                    Ribulose bisphosphate regenerated in complex series of reactions

                           Total of 9 ATP and 6 NADPH consumed 

                           G3P is starting material for production of many organic molecules

