I.  Cells and Energy


A.  Energy Transfer in Cells



1.  Carbohydrates such as glucose provide energy for the cell.  However, 

they cannot be used directly,  They must be converted to ___________

2.  ___________- Adenosine Triphosphate is the energy molecule of the cell.




                      Adenine

     Ribose

     Three Phosphate Groups

3.  How ATP works







Energy Released
       +





Energy Stored

ATP







ADP + Free Phospate



4.  ATP is the link between ___________________ (building molecules 


and ___________________ (breaking down) pathways in metabolism


     a)  Whenever fuel molecule are broken down, ATP is built from ADP 

     b)  Whenever polymers (mainly proteins) are built from monomers                                                (amino acids)  ATP is broken down into ADP    

B.  How ATP is Produced:  Respiration 

     1.  There are two types of Respiration:  _____________  , which uses oxygen and 

          produces _________ ATP and ________________________ which uses no 

          oxygen and make only ________ ATP.

     2.  An overview of aerobic respiration. 

             IN
         Mitochondrion                             OUT


__________________
___________


__________________
___________


__________________
__________

__________________

The ATP can be used directly by the cell to provide energy for life processes

3.  Major Types of Reactions in Respiration

a.
______________________________ - reaction in which 2 hydrogens (2p+, 2e-) are transferred from a substrate to NAD+ or FAD.


   b.
______________________________ - COOH groups are removed as CO2.


   c.
______________________________ - molecules are rearranged into isomers to make them ready for other reactions.

C.  Major Steps of Respiration

Step 1: _______________________:

Glucose is broken in half producing__________________ and ______ATP




   Glucose



Pyruvic Acids

Step 2: _______________________:

Pyruvic acid is broken down into _____________________ and ___________________ 



_________________




_________________

                     Pyruvic Acids


Step 3: _______________________:

The Acetyl groups have their hydrogen stripped away releasing CO2 and _______ATP



       _______________


   

_____________




                  _______________









       _______________

Step 4: ______________________________________:

NADH delivers electrons to the electron transport chain.  As these proteins are alternately reduced then oxidized, they change shape and  pump H+ across the inner mitochondrial membrane.  As the protons move back across the membrane, ATP is formed.
NADH




  ADP




        Oxygen
                    Hydrogen




Hydrogen

NAD 
                                                    ATP
                    Water

II.  What Really Happens

      A.
______________________________ - the splitting of glucose.  Occurs in cytoplasm outside of the mitochondria.

Glucose   +   2NAD+   +   2ADP

     2 pyruvate +  2ATP  +  2NADH  + 2H+ +  2H2O








Glucose





1.

ATP


ADP






Glucose
6-phosphate
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Fructose
6-phosphate




3.

ATP


ADP






Fructose
1,6-biphosphate




4.




Dihydroxyacetone


Glyeraldehyde (PGAL)





      Phosphate


         phosphate









5.




NAD+



2NADH   +   2H+




(from cytoplasm)
  2P1











1,3-diphosphoglycerate




6.




ADP



ATP










3-phosphoglycerate (PGA)





7.











2-phosphoglycerate





8.








2H2O










Phospheonolpyruvate





9.




ADP



ATP










          Pyruvate

B.   Pyruvic Acid Conversion

1.
Pyruvate is translocated to the inside of the mitochondria and undergoes oxidative carboxylation and NAD+ is reduced forming 

__________, ______________and______________________________.

2. The Acetyl group combines with ______________________________ to form 




______________________________ which enters the Krebs cycle.
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C.  ______________________________ – Acetyl groups are stripped of hydrogens 

and CO2 is given off as waste.   _______________ and ________________ capture the hydrogens for electron transport
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D.  The Electron Transport Chain and Chemiosmosis

1.  NADH and FADH2 provide _________________________ which move through a series of redox reaction which release energy.


   These reactions are called the _________________________ .




a.
Electrons are passed from compounds with less redox potential to compounds with greater redox potential.

b. As the ETC protein are reduced then oxidized they change shape and  pump protons across the inner mitochondrial membrane.

2.   The build up of H+ ions outside of the inner membrane lowers the pH and    produces a membrane potential.  (Positively charged outside, negatively charged inside).

This represents ___________________________________ .

      3.  Protons are allowed to flow back across the membrane only through the channel 

           enzyme ______________________________ (ATPase).

      4.  As the protons flow back energy is released and ADP and free phosphate groups 


  are bonded forming _________________________ .

5.  At the end of the electron transport chain, the electrons rejoin protons to form hydrogen which combines with oxygen to form water.

6.  Without oxygen to accept the hydrogens, the electron transport chain backs up and no chemiosmosis can occur and ATP production stops.
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E. Energy Yield from Glucose

1.
Glycolysis




2 ATP,
2  NADH+H+



2.
Pyruvic Acid Conversion

0 ATP,
2  NADH+H+



3.
The Citric Acid Cycle

2 ATP,
    NADH+H+,
2  FADH2


4.
Electron Transport & Chemiosmosis   34 ATP
F.
________________________________________ - No O2 required
1. ______________________________ - ATP producing process that occurs in yeast.

a.
No O2 required.  2 ATP produced in glycolysis

    b.
C6H12O6                                                       2 CO2  +  2 C2H5OH   +   2 ATP



Glucose





Ethyl Alcohol



1)  Fermentation produces beer and wine.

2)  Fermentation causes bread to rise


IN
  OUT


_____________________
_____________________





      Yeast


__________________
__________________

.

  2.  Some bacteria and muscle cells can also carry on a type of anaerobic respiration called______________________________ .




a.
C6H12O6


2  C3H6O3    +
2 ATP





Glucose



Lactate

                                    1)  Lactic acid causes muscle fatigue

2)  Lactic Acid produced by bacteria gives food a sour taste.  Vinegar, sour cream, pickles etc

    IN










Out

________________
_______________


_________________







 ________________
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