BI107R   Spring 04     Chap 9     Cellular Respiration: Harvesting Chemical Energy

Principles of Energy Harvesting

     Cellular respiration and fermentation are catabolic, energy yielding pathways

         Organic compounds stop energy in the arrangement of atoms

         Complex organic molecules rich in potential energy are broken down in metabolic

             Pathways called catabolic pathways to waste products having much less energy

             Some of energy is used to do work and the rest of the energy is dissipated as heat

            Fermentation is a partial degradation of glucose occurring without oxygen

            Cellular respiration is the complete breakdown of glucose with oxygen consumed 

                As a reactant      most of the breakdown occurs in mitochondria

       Carbohydrates, fats and proteins can be used as sources of energy but usually discuss

             Breakdown of glucose

        Breakdown is exergonic – products of process store less energy than reactants

          Free energy change is – 686kcal per mole of glucose 

          Catabolism linked to formation of ATP

     Cells Recycle ATP 

         ATP is central player in bioenergetics

            Triphosphate tail is like a loaded spring    close packing of 3 negative charges is 

                 Unstable     becomes more stable by losing terminal phosphate

                 Phosphate is usually transferred to other  molecules   said to be phosphorylated

                   Phosphorylation primes a molecule  to undergo a change that performs work

                       And the molecule loses the phosphate group in the procees  of doing the 

                       Work

                     Working muscle recycles ATP at 10 million per second

   Redox reactions release energy when electrons move closer to electronegative atoms

        Loss of electrons from one substance called oxidation and addition of electrons to 

             Another substance called reduction 

        The electron donor is the reducing agent and the electron acceptor is the oxidizing 

             Agent 

        Oxygen is very electronegative and is one of the most potent of all oxidizing agents

   Electrons fall from organic molecules to oxygen during cellular respiration

        Glucose plus oxygen yields carbon dioxide and water 

        Glucose is oxidized as it ends up as carbon dioxide and oxygen is reduced as it

          Ends as water

        Important point not seen in the equation is that status of electrons changes as 

          Hydrogen is transferred to oxygen liberating energy in the process

              This energy is used to make ATP

          Flood of electrons to lower energy state can occur in air if ignite glucose but

              Energy is released all at once and very difficult to use this energy for work

           Need controlled release so energy can be used to do work

    The fall of electrons during respiration is stepwise, via NAD+ and an electron transport 

        Chain

         Glucose and other organic fuels broken down gradually in series of steps each 

            Catalyzed by an enzyme

         At key steps hydrogen atoms (hydrogen ion plus electron) are removed from 

             Glucose and passed  to a coenzyme called NAD+ which accepts 2 electrons and

               One hydrogen ion from the glucose  ( other hydrogen ion goes into solution)

                                                     dehydrogenase

                H-C-OH   +   NAD+                                 C-O    +     NADH    +     H+

              NAD+ neutralized by adding 2 electrons and 1 hydrogen ion

             Electrons lose very little of their potential energy when passed to NAD+

          Cellular respiration brings hydrogen and oxygen together to form water under 

              Controlled conditions     hydrogen ions come from organic molecules not

                Hydrogen gas     electron transport chain breaks fall of electrons to oxygen

                 By using several energy-releasing steps not an explosive reaction

                Transport chain composed mostly of proteins built  into inner mitochondrial

                   Membrane    electron from food shuttled to top end of transport chain

                    At bottom oxygen captures these electrons along with hydrogen ionsforming

                       Water          electrons passed from 1 electron transport component to the

                        Next which is more electronegative than the next component finally 

                         Reaching oxygen which is the most electronegative

  Cellular Respiration 

      3 parts – glycolysis, Krebs cycle, electron transport chain and oxidative 

                    phosphorylation

      glycolysis – occurs in cytoplasm    1 glucose breaks to 2 pyruvate

               6 carbon glucose split into 2  3-carbon sugars which get oxidized and rearranged

                  to form 2 molecules of pyruvate

              10 steps each catalyzed by specific enzyme

                divided into 2 phases – energy investment phase and energy payoff phase

                energy investment phase – 1st 5 steps 

                       requires ATP input to phosphorylate energy molecules

                       glucose phosphorylated to glucose – 6 phosphate by hexokinase

                       G-6-P rearranged to its isomer fructose – 6 – phosphate by 

                               Phosphoglucoisomerase

                       Another phosphate added by taking phosphate from ATP giving

                              Fructose 1, 6 – bisphosphate  enzyme is phosphofructokinase

                                 Kinase always involved in phosphorylating a molecule

                       6 carbon fructose 1, 6 – bisphosphate split into 2  3-carbon sugars

                              under influence of aldolase

2 3-carbon sugars are isomers 

dihydroxyacetone phosphate and glyceraldehydes-3-phosphate

                              these isomers reversibly convert back and forth due to isomerase

                                   enzyme

                  energy payout phase

                             next step uses glyceraldehydes-3-phosphate only so pulls equilibrium

                                 in 1 direction as G-3-P used as fast as formed

                            G-3-P is substrate for triose phosphate dehydrogenase

                                 1st substrate is oxidized removing 2 hydrogen ions and electrons 

                                   to NAD+ to form NADH

                                 substrate phosphorylated from soluble phosphate ion

                                  when hydrogen ions and electrons are removed it is due to the

                                       action of dehydrogenase enzymes

                                  product of all this is 1, 3-bisphosphoglycerate

                            1, 3-bisphosphoglycerate dephosphorylated by phosphoglycerokinase

                                    using the phosphate removed to make ATP from ADP by direct

                                    phosphorylation 

                                    product is 3-phosphoglycerate

                             3-phosphoglycerate changed by phosphoglyceromutase to 2-phospho-

                                    glycerate

                              2-phosphoglycerate has water molecule removed by enolase forming

                                    phosphoenolpyruvate

                              phosphoenolpyruvate has phosphate removed by pyruvate kinase 

                                     forming pyruvate      phosphate used to make ATP from ADP

                     glycolysis releases less than ¼ of energy in glucose

                       most of energy still locked up in pyruvate molecules

       Krebs cycle completes energy yielding oxidation of organic molecules

                 Takes place within the mitochondrial matrix

                 When molecular oxygen present pyruvate enters mitochondria

                       And oxidation is completed

                 Pyruvate 1st converted to acetyl coenzyme A or acetyl CoA

                    Multienzyme complex catalyzes 3 reactions

1. pyruvate’s carboxyl group is already fully oxidized so is removed and

          forms molecule of carbon dioxide

2. remaining 2 carbons oxidized to form acetate     enzyme transfers

       extracted electrons to NAD+ forming NADH

3.coenzyme A a sulfur containing compound derived from a B vitamin

attached to acetate by unstable and thus very reactive bond

                                 product is acetyl CoA which enters Krebs cycle

                           cycle has 8 steps each catalyzed by separate enzyme

                           acetyl CoA joined to oxaloacetate to form citrate

                           citrate forms isocitrate by removing 1 water molecule and adding 

                                 another

                           isocitrate loses a carbon dioxide molecule and resulting molecule 

                                 oxidized reducing NAD+ to NADH

                                 molecule formed is alpha-ketoglutarate

                           alpha-ketoglutarate loses a carbon dioxide and resulting compound 

                                 oxidized reducing NAD+ to NADH

                                  forming succinyl CoA

                           succinyl CoA  gets phosphorylated and then dephosphorylated with

                                  phosphate transferred to GDP forming GTP

                                   GTP used to form ATP from ADP

                                   Product is succinate

                           Succinate oxidized and FAD reduced to FADH2

                                    FADH2 is an electron carrier similar to NADH

                                    Product is fumerate 

                            Fumerate has water added forming malate

                            Malate oxidized reducing NAD+ to NADH and 

                                Regenerating oxaloacetate  

             Electron transport and oxidative phosphorylation

                      Glycolysis and Krebs cycle product only 4 molecules of ATP/glucose

                      Most of energy still conserved in NADH and FADH2

                      Energy released by electron transport chain will power lots of ATP 

                           Synthesis

                     Electron transport chain components are embedded in the inner mitochon-

                           Drial membrane     most are proteins with nonprotein prosthetic groups

                            Attached       these groups essential for catalytic activity

                            Electrons from NADH passed to a flavoprotein (has FMN group)

                                 1st gets reduced as accepts electrons from NADH which gets 

                                    oxidized to NAD+

                              flavoprotein gets oxidixed as it passes electrons to iron-sulfur 

                                   protein which gets reduced

                             iron-sulfur protein passes electron to ubiquinone – a lipid

                             ubiquinone passes electrons to proteins called cytochromes

                             cytochromes have iron-containing heme groups

                                   b, c1, c, a, a3       a3 passes electrons to oxygen

                              proteins occur in 3 complexes with ubiquinone and cytochrome c 

                                 acting as mobile carriers moving electrons along

                    mitochondria couple electron transport and energy release to ATP 

                        synthesis by process called chemiosmosis

                         electron transport chain is an energy converter using exergonic flow of

                               electrons to pump H+ across the inner membrane forming a 

                               hydrogen ion gradient      called proton motive force 

                           the only way the hydrogen ions can diffuse down their concentration

                                gradient is through a protein complex called ATP synthase 

                                 this protein complex uses the exergonic flow of hydrogen ions to

                                    drive the oxidative phosphorylation of ADP making ATP

                         process called chemiosmosis

                             also occurs in chloroplasts and in bacteria where hydrogen ion gradient

                                 formed across plasma membrane 

             the payoff

                     many ATPs generating per glucose molecule

                     38 max is the amount    could be 36 when it costs some ATP to get pyruvate

                         into the mitochondria

   Fermentation 

           Lactic acid fermentation – pyruvate reduced directly by NADH to form lactate 

              NAD+ is regenerated and glycolysis can continue

              Lactate converted back to pyruvate in liver

          Alcohol fermentation – pyruvate converted to ethyl alcohol in 2 steps

             1st step – carbon dioxide released from pyruvate forming acetaldehyde

             2nd step – acetaldehyde reduced by NADH to form ethyl alcohol

                NAD+ is regenerated and glycolysis continues

     Glycolysis is much older process than membrane associated Krebs cycle or 

         Electron transport/oxidative phosphorylation 

Catabolism very versatile since it can use a variety of food molecules

      Amino acids from proteins, lipids, carbohydrates can all enter the glycolysis or

           Krebs cycle and be used to generate ATP

Feedback control mechanisms in cellular respiration

       Feedback inhibition is common 

       ATP and citrate inhibit phosphofructokinase

       AMP stimulates this enzyme

  Energy we use is released by cellular respiration but not produced by it           

