Unit IV-C - Respiration and Excretion
Unit Outline
I. Cellular Respiration - Chapter 6 

                                    A. Energy for Life
1. Uses of Energy

     a. energy is the ability to do work

     b. living things need a continuous supply of energy to carry on all life activities

          i. physical or mechanical

         ii. making complex compounds

        iii. transferring some material across cell membranes       
2. Energy from Food

    a. carbohydrates are most commonly broken down  for energy

        i. some released as heat which maintains body temperature

       ii. remainder is stored in chemical form

iii. breakdown occurs in small chemical steps linked to the formation of high- energy compounds

            a. occurs in both autotrophs and heterotrophs

            b. process is called cellular respiration
     b. other biochemical compounds can be utilized after some breakdown and conversion into compounds that enter into the carbohydrate breakdown process
3. ATP and ADP

    a, energy released is packaged into high-energy compounds

        i. ATP – adenosine triphosphate: adenine + ribose + 3 phosphate groups bound end-to-end

            a. bond linking the last phosphate group contains a high amount of energy (high energy bond)

            b. when the phosphate group is removed and bonded to another compound energy is transferred.

            c. phosphorylation is the transfer of energy

            d. phosphorylation can occur with other compounds such as acetyl phosphate, phosphoenolpyruvate, and creatine phosphate

         ii. ADP – adenosine diphosphate is the compound formed when the third phosphate is removed from ATP; bond linking the second phosphate is also attached with a high-energy bond, but is used less often as a source of energy

          b. ATP provides the energy to activate many cellular chemical reactions.  The reaction that needs energy is joined to a reaction that has enough energy to start and keep both reactions going to completion  
4. Source of Energy for ATP -  energy released from the gradual breakdown of food molecules is used to attach a third phosphate to ADP

     a. glucose is the most common food substance used

  b. most food contains complex carbohydrates which must be broken down to    glucose

     c. energy produced from breaking down 1 molecule of glucose is divided into small packets, each of  which is used to produce a molecule of ATP through a sequence of chemical reactions called a biochemical pathway

                                                 5. Oxidation-Reduction Reactions

                                                     a. involve the transfer of electrons  “LEO says GER”

                                                          i. oxidation is the loss of electrons or loss of hydrogen atoms and usually involves the loss of energy

                                                         ii. reduction is the gain of electrons  or gain of hydrogen atoms and usually involves the gain of energy

                                                     b. two aspects of a single chemical reaction
6. Electron Acceptors or electron carriers

     a. can accept a pair of high-energy electrons and a proton undergoing a reduction reaction and gaining energy temporarily 

     b. can give up electrons and return to their oxidized state

                                                c. the extra energy the electron carriers were carrying can be used to form          ATP from ADP

  d. this continues until either oxygen or another substance acts as the final electron acceptor

                                     B. Types of Respiration

                                          1. aerobic respiration – respiration requiring free oxygen, glucose is completely oxidized to carbon dioxide and water; allows for the maximum amount of energy to be removed from glucose

                                          2. anaerobic respiration  - cellular respiration without oxygen; cell receives little of the chemical energy in the glucose

                                          a. facultative anaerobes can carry on aerobic respiration when oxygen is present or anaerobic respiration when oxygen is not present

                                          b. obligate anaerobes are capable only of anaerobic respiration, and cannot live in the presence of oxygen  
      C. Glycolysis

            1. first step in aerobic and anaerobic respiration 

            2. splitting of glucose

            3. takes play in the cytoplasm of the cell

            4. phophorylation transfers two phosphate groups to a glucose molecule requiring energy which is obtained from two molecules of ATP

            4. energized glucose molecules then undergo a series of chemical reactions:

            2 ATP

glucose    (  2 PGAL (phosphoglyceraldehyde, a 3 carbon compound)   (  2 pyruvic acid + 4 ATP  +        2  NADH

             5. net energy output: 2 ATP, 2 NADH

        D. Anaerobic Respiration  -  Fermentation
             1.  all of the energy obtained by the cell comes from glycolysis

      2. pyruvic acid is converted to another end product, acting as acceptors of electrons in NADH

                  a. alcoholic fermentation: end products CO2 and ethyl alcohol, occurs in yeast

                  b. lactic acid fermentation: end product lactic acid, occurs in bacteria and in muscles deprived of oxygen

                  c. end products have almost as much energy as the glucose from which they are made

             3. industrial applications: baking, brewing, yogurt, etc.
                                     E. Aerobic Respiration
1. Importance of Oxygen

    a. more energy can be removed from glucose

                  b. oxygen is the ultimate electron acceptor, and is not needed at each step of the process
2. Pyruvic Acid Breakdown

    a. pyruvic acid enters the mitochondrion (2 molecules)

    b. enzymes, electron carriers, and other special molecules located inside or on the surface of the inner mitochondrial membrane

    c. each pyruvic acid breaks down into CO2, NADH, and a 2-carbon compound that combines with a coenzyme producing acetyl CoA
                                                3. Krebs Cycle – discovered by Sir Hans Krebs – also known as the Citric Acid  Cycle

    a. acetyl CoA begins a series of reactions that has the form of a repeating cycle, repeatedly using certain compounds

    b. each “turn” of the Krebs cycle starts with 1 molecule of acetyl CoA, and yields 2 CO2,             3 NADH,  FADH2, providing 4 pairs of electrons which carry almost all of the chemical energy removed from pyruvic acid

    c. one ATP is produced by each turn of the Krebs cycle for a total of 2 ATP molecules for each molecule of glucose
4. Electron Transport Chain – locations within the inner mitochondrial membrane that have specific enzymes and coenzymes
     a. all the remaining energy released by the breakdown of glucose is carried by the electrons in NADH  and in FADH2

       b. several of the electron carrier molecules belong to a class of proteins called cytochromes

    c. for each pair of electrons from NADH that are passed along the chain 3 ATP are synthesized

    d. FADH2 donates its electrons to the chain at a point after the first site of 
ATP synthesis, thereby driving the synthesis of only 2 ATP

    e. ATP is produced by chemiosmosis whereby electrons give up some energy that is then used to pump protons (H+) across the mitochondrial membrane, producing a gradient of charge across the membrane providing the energy to convert ADP to ATP

   f. final step in this process involves free oxygen acting as the final electron acceptor; one oxygen atoms combine with each pair of H+ and a pair of electrons to form water with little heat energy released as the hydrogen has already given up most of its available energy

   g. water may be used by the cell, or excreted as a waste product

   h. net energy gain from aerobic respiration: 32 ATP from electron transport chain, 2 ATP from glycolysis, 2 ATP molecules from the Krebs cycle for a total of 36 ATP molecules from each molecule of glucose

5. Net Reactions of Aerobic Respiration

                                                    C6H12O6  +  6 H2O  +  6 O2     (     6 CO2  +  12  H2O   +  Energy (36 ATP)
6. Efficiency of Cellular Respiration

    a. aerobic respiration yields 18 times as much energy per molecule of glucose as fermentation does

    b. 45% of the total energy obtainable from the oxidation of glucose is stored as ATP molecules after aerobic respiration
7. Muscle Fatigue and Oxygen Debt

    a. some organisms that have the capacity for aerobic respiration can function by anaerobic respiration alone when free oxygen is not available, e.g. yeast (facultative anaerobe)

    b. prolonged physical activity may cause muscle cells to use oxygen faster than it can be supplied, forcing the Krebs cycle to stop, and the muscle cells continue to release energy by glycolysis, and pyruvic acid will be converted to lactic acid, the build-up of which creates muscle fatigue.

    c. cells need a period of rest to recover

    d. in the presence of oxygen, lactic acid is oxidized back to pyruvic acid in the liver and accumulated hydrogen is passed down electron transport chain

    e. amount of oxygen needed to get rid of the lactic acid is called oxygen debt

 8. Fats and Proteins

     a. fats as a source of energy produce twice as much ATP as when glucose is used; weight gain may result because twice as much activity is needed to burn a gram of fat as compared to a gram of carbohydrate

     b. hydrolyzed fats enter the respiration process in two ways

         i. glycerol converted to pyruvic acid

        ii. fatty acids converted to acetyl CoA

     c. proteins yield about the same amount of energy as carbohydrates but are not a preferred source of energy for the cell

     d. hydrolyzed proteins enter the cellular respiration cycle at three places

          i. pyruvic acid

         ii. acetyl CoA

        iii. Krebs cycle  

