Ch8 Notes: Cellular Respiration

I. Introduction 
A.  All living cells require ATP to perform work

 
1. Organisms obtain energy by the oxidation of food molecules that they manufacture or 
                 obtain by eating.


a. Plants manufacture their own food by PHOTOSYNTHESIS using energy from sunlight.

2. Cells harvest the chemical energy stored in organic molecules and use it to regenerate ATP
                 the molecule that drives most cellular work.   

B. METABOLIC pathways release potential energy in organic molecules to build ATP. EXERGONIC RXNS

1. Organic molecules such as glucose or fatty acids serve as fuel just like gasoline in a car:
                   energy is in the bonds between carbon and hydrogen (C – H)

2. Enzymes catalyze a systematic degradation of organic molecules that are rich in energy
                 to simpler waste products with less energy.



a. Some of the energy released is used to build ATP; the rest is dissipated as HEAT.
C. Two types of catabolic pathways: 

1. Fermentation – ANAEROBIC RESPIRATION (ALCHOLIC OR LACTIC ACID)

PRODUCES LESS ATP (2)

2. Cellular (aerobic) respiration –REQUIRES OXYGEN AND PROCUCES 36-38 ATP
D. Catabolic pathways release energy in redox reactions that is used to synthesize ATP.

1. Oxidation-reduction reactions (redox) involve the transfer of one or more ELECTRONS
                 along with energy from one reactant to another.  



a. Oxidation – LOSE ELECTRONS (AS PART OF A HYDROGEN ATOM)


b. Reduction – GAIN ELECTRONS (AS PART OF A HYDROGEN ATOM)


c. Remember acronym LEO the lion goes GER 

2. Electrons are typically transferred as part of HYDROGEN atoms that are removed from organic 
                 fuel molecules such as glucose.


3. These H electrons from fuel molecules are captured by electron carrier molecules that act as 
                 energy shuttles or taxis; are coenzymes that they pick up and shuttle high energy electrons
a. NAD + is an electron carrier and is reduced to NADH  when it  traps H electrons from fuel molecules
b. FAD+2 is another electron carrier and is reduced to FADH2  when it accepts 2 H from a fuel molecule
c. Each NADH  and FADH2 molecule formed represents stored energy…   contain high energy electrons from food molecules which are carried to an electron transport chain.

II. Cellular Respiration
A. Is also known as AEROBIC respiration

B. Requires OXYGEN- acts as the final electron acceptor.
C. Is different from breathing but closely related:  breathing simply gets OXYGEN into your body and CARBON DIOXIDE out.
D. Most common and efficient type – yield 36  to 38 ATP molecules
E. Similar in broad principle to the combustion of gasoline in an automobile engine after oxygen is mixed with

     hydrocarbon fuel or gasoline.


1.GLUCOSE  is the fuel for respiration. The exhaust is CARBON DIOXIDE and WATER.

2. Carbohydrates, fats, and proteins can all be used as the fuel; we will consider GLUCOSE, the 

                 cells major energy source.


3. Summary equation:  
      C6H12O6   +   6O2   (   6CO2 + 6H2O +  ATP
F. Is a redox process in which high energy electrons are transferred from organic fuel molecule such as  

    glucose to oxygen.


1. Glucose is OXIDIZED - loses H atoms and is converted to CARBON DIOXIDE.

2. Oxygen is REDUCED- gains H atoms and is converted to WATER.




3. Electrons travel the following “downhill” route:
                      food or fuel molecule  ( NADH or FADH2 ( electron transport chain ( oxygen.
G. MITOCHONDRIA are site where most pathways of cellular respiration occur in eukaryotes
1. Inner membrane is highly folded (CRISTAE) – contains the electron transport chains and ATP synthase 


2.MATRIX– filled with enzymes needed for citric acid cycle of cellular respiration

H. Two mechanisms generate ATP in cellular respiration:  SUBSTRATE-LEVEL phosphorylation and OXIDATIVE phosphorylation (ETC)
I. Consist of three major pathways: glycolysis, the Krebs cycle, and oxidative phosphorylation (ETC) .


III. Glycolysis – 


1. First pathway that begins with fuel molecule such as glucose in a cell.


2. Occurs in the CYTOPLASM of cell

3. Requires no OXYGEN– takes place with or without it.


4. Has 10 different steps each catalyzed by a different enzyme.


5. Involves an energy investment phase and an energy payoff phase 
a. Energy investment 2 ATP spent or used for activation energy.

 b. Energy payoff:  Redox reactions yield 2 NADH and 4 ATP are synthesized
      by SUBSTRATE-LEVEL phosphorylation.
d. NADH moves to be used in the ETC

6. Summary or net yield from glycolysis:    

One glucose molecule (  2 PYRUVATE  +  2 NADH + 2 ATP


a. Pyruvate contains potential energy and can be further oxidized


b. No CO2  produced

IV. Preparatory Stage: Conversion of pyruvate into ACETYL COA

1. Each pyruvate enters the mitochondrion where it is converted into a 2-C compound called an 

                  acetyl group which joins to a coenzyme(CoA) ( yields acetyl CoA 


2. In the short pathway, three reactions occur.

3. Summary of products:   2 Pyruvate  ( 2 ACETYL COA +  2 NADH + 2 CO2
a. The two Acetyl CoA are fed into the next pathway for further oxidation
V.  Krebs Cycle (Citric Acid Cycle) –

1. Second major pathway in cellular or aerobic respiration.  
2. Takes place in the mitochondrial MATRIX where enzymes complete oxidation of fuel molecules

3.  Starting molecule, OXALOACETATE, BINDS WITH ACETYL COA, AND PRODUCES CITRIC ACID, THEN goes through a series of chemical reactions in which:
c. Redox reactions yield 3NADH and 1FADH2 per turn (2 turns per glucose molecule).
4.  Summary of products:  2 acetyl CoA ( 2 ATP + 4 CO2  + 2 FADH2 + 6 NADH
VI. Electron Transport Chain and Chemiosmosis
1. Third major pathway that occurs along the inner mitochondrial MEMBRANE (CRISTAE).
2. Produces most of the ATP in cellular respiration; yields 32 to 34 ATP molecules

a. Only 4 ATP have been synthesized thus far by substrate level phosphorylation 

         
b. A total of 36 -38 can be synthesized from energy harvested from one glucose
                (Depends on the type of cell)
3.  Electron transport chain (ETC) –  
a. NADH delivers high energy electrons to the first cytochrome of the chain and hydrogen
                              protons (H+) released into the fluid filled matrix. FADH2 does as well except electrons
                              are delivered at lower point in the chain.
b. Each pair of electrons is passed down the chain, dropping in ENERGY along the way 
c. Energy is released in a small manageable amount for ATP synthesis

             d. At end of the chain: electron pair is accepted along with the 2H+ by oxygen(WATER.
           - Reason you have to breath … requires OXYGEN which is the final electron acceptor.           

4. Chemiosmosis –


a. The electron transport chain generates no ATP directly.
b. Free energy made available in the ETC is used to drive ATP synthesis by a process called   CHEMIOSMOSIS.


c. The ETC is an energy converter that uses the exergonic flow of electrons to pump H+ 

                              from the matrix into the intermembrane space… produces a hydrogen proton (H+) 
                              gradient that stores potential energy.


d. The protons return to the matrix through channels called  -
(1). ATP SYNTHASE-  actually makes ATP from ADP + P and energy from flow of H+

5. What happens if there is no oxygen??   Electron transport chain shuts down.

a. Can’t transport H+ ---------no chemiosmosis --------- can’t make ATP

III. ATP Production Without Oxygen:  Fermentation

A. Fermentation is a backup pathway used by aerobic organisms in the temporary absence of OXYGEN

1. Emergency system that is common in bacteria, yeast and human skeletal muscle
2.  Is very INEFFICIENNT- glucose is only partially oxidized – yields only 2 ATP per glucose

a. The rest of the energy is tied up in fermentation by-products: LACTIC ACID OR ALCOHOL.
3. Consist of glycolysis plus reactions that regenerate NAD+ so glycolysis can continue in the 

    absence of oxygen and someA TP can still be made for a cell.

a. Glycolysis occurs and nets 2 pyruvate, 2 ATP and 2NADH per glucose.

4. Lactic acid fermentation –

a. Occurs in some bacteria and skeletal MUSCLE cells.


b. Used in making certain cheeses, yogurt, and sauerkraut.


c. In absence of O2, human muscle cells switch to lactic acid fermentation ---

                  results in lactic acid build up --- causes pH to drop, burning and cramping.
5. Alcoholic fermentation –

a. Carried out by YEAST– used to make bread rise and liquor, beer, and wine.


b. Pyruvic acid is converted to ethanol (ethyl alcohol) and carbon dioxide.  

