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Photosynthesis – uses light energy from the sun to power a chemical process that makes organic molecules

     Mainly in green cells of green plants    an organelle called chloroplasts has pigment – chlorophyll

Plants are autotrophs – make all their own organic matter from inorganic nutrients

                    Called producers

Heterotrophs – cannot make organic molecules from inorganic molecules 

      Depend on autotrophs               called consumers 

Chemical cycling between photosynthesis and cellular respiration 

      Photosynthesis uses carbon dioxide and water     carbon dioxide from air enters tiny holes in leaves
              Water enters roots from soil

              Chloroplasts rearrange atoms of these compounds to produce sugars  and other organic molecules

              Byproduct is oxygen  gas

Waste products of cellular respiration are ingredients for photosynthesis

Plants store chemical energy from photosynthesis and use some of it as energy  but usually make much 

             More than needed

            Extra used by consumers

CELLULAR RESPIRATION

     An aerobic process – requires oxygen 

     Aerobic harvesting of chemical energy from organic fuel molecules

     Respiration related to breathing   one at cellular level and one in the lungs

     Glucose  C6H12O6   +   6O2                           6CO2   +   6H2O    +   ATP

     Harvests chemical energy from food and converts it to ATP energy 

          Up to 38 ATP molecules per glucose molecule
         Also transfers hydrogen atoms from glucose to oxygen forming water 

                   Key to why oxygen is so important 

       When following the transfer of hydrogen from sugar to oxygen also must follow the transfer of 

            Electrons      hydrogen and its bonding electrons change partners from sugar to oxygen forming 

               Water

  Role of oxygen in cellular respiration 

      Also following transfer of electrons      during cellular respiration hydrogen and its bonding

        Electrons change partners from sugar to oxygen forming water as a product 

    Redox reactions 

        Chemical reactions which transfer electrons from one substance to another are called 

           Oxidation-reduction reactions 

         Loss of electrons called oxidation    glucose is oxidized losing electrons to oxygen

         Acceptance of electrons during redox reactions called reduction     oxygen is reduced 

               Accepting electrons and hydrogens lost from glucose 

         When hydrogen and its bonding electrons change partners from sugar to oxygen energy is 

              Released         oxygen pulls electrons very strongly and this pull causes release of energy 

           The pull of oxygen is controlled so the energy is captured and put to use   not all is lost as heat 

   NADH and electron transport chain 

          NAD+ is an electron acceptor 

           Transfer of electrons from organic fuel to NAD+ reduces it to NADH

          Next is the electron transport chain where each link is a protein 

             Each link first accepts then gives up electrons releasing a small amount of energy at each transfer

          The pull of the oxygen makes it possible and is why we need oxygen 

  Metabolic pathway of cellular respiration 

      3 stages    glycolysis     Krebs cycle     electron transport 

      Glycolysis

          Splits glucose into 2 molecules of pyruvic acid 

              Enzymes in the cytoplasm 

              Requires 2 molecules of ATP   called energy investment phase                                                                                                                

              But generated by direct transfer 4 molecules of ATP  

              Net gain of 2 ATP

              Generates 2 molecules of NADH
       Krebs cycle
            Pyruvic acid 1st prepared for Krebs cycle  since this cycle uses 2 carbon acetic acid

            Prep of pyruvic acid involves conversion to acetic acid

            Acetic acid bound to coenzymeA to form acetylCoA which enters Krebs cycle

              Carbon lost forms carbon dioxide 

           Krebs cycle completes breakdown of glucose to CO2  in mitochondria 

            Both generate small amount of ATP directly and generate lots of NADH from NAD+

             Also generates in smaller amounts than NADH  a different electron carrier called FADH2
    Electron transport in mitochondria 

         Electrons captured from NADH and FADH2 move along the electron transport chain releasing energy

                   In small steps

           Molecules  of electron transport chains are built into the mitochondrial membrane

              In 3 large membrane complexes     NADH gives up electrons (and hydrogen ions0to the transport 

               Chain    as the electron is passed from one component to another energy is removed in steps
                The energy is used to move hydrogen ions across the mitochondrial membrane

                 The hydrogen ions form a gradient across the mitochondrial membrane but cannot diffuse across 

                The only channel through the membrane is the large protein complex ATP synthase

                 The hydrogen ions diffuse down the gradient and cause the ATP synthase to spin and add 

                  Phosphates to ADP to make ATP

              Some of deadliest poisons act by blocking electron transport    carbon monoxide and cyanide

                    Block the transfer of electrons down the chain

     Cellular respiration is versatile

                Can use polysaccharides, fats proteins in form of the building blocks

      Large payoff for the electron transport chain in terms of ATP production

       Oxygen deprivation causes cellular respiration to detour

            If use ATP at a rate faster than cells can produce it  then have anaerobic conditions

                   Generate ATP by anaerobic process of fermentation

                    Start with glycolysis as usual  which does not require oxygen 

                         Need NAD+ for glycolysis but it is not generated by electron transport

                          So NADH gives electrons to pyruvic acid to make lactic acid which can build up

                           But restores NAD+ so glycolysis continues
            Fungi and bacteria can use glycolysis to produce energy under anaerobic conditions 

               Used in food industry to make cheese, yogurt, pickled cucumbers, sausage, etc.

                Not produce lactic acid but ethyl alcohol and carbon dioxide

                Yeast, a type of fungus, is a facultative anaerobe     use either method for energy

                 Obligate anaerobes must have no oxygen 

                 Obligate aerobes must have oxygen 

            Life on earth probably started in an anaerobic environment  

