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In the ABSENCE of 
Oxygen  

the reduced form of  
NAD+ (NADH + H+) 

builds up and 
becomes a cellular 

toxin... 



In the ABSENCE of oxygen the reduced form of NAD+ (NADH + H+) builds up and 
becomes a cellular toxin... 

It, therefore, needs to be RECYCLED...
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Fatigue
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In the presence of oxygen, however, the reduced form of NAD+ (NADH + H+) can be 
converted back into the oxidized form…  

                                          NADH + H+ + 1/2 O2 ---->  NAD+ +  H2O 

  
…and just like the normal reaction this is an ENERGY yielding reaction... with almost  
the same energy yield. 
  

              H2 + 1/2 O2  ---->    H2O

Aerobic Conditions











- 686 kcal/mol.

more than 1/3



- 686 kcal/mol 

- 7.3 kcal/mol 

 1 mole of Glucose   —>  ~94  ATP’s worth of energy

 1 mole of Glucose   —>

36 …not too bad!!



STAGE 2:   Pyruvate  to   AcetylCoA

In the PRESENCE of 
Oxygen  

the reduced form of  
NAD+ (NADH + H+) 

can now be 
OXIDISED to  

make…  

Water !!!

STAGE 1:  Glycolysis



2 H+ + 2 electrons + 1/2 O2  ----->  H2ONADH + H+ + 1/2 O2---->  NAD+ +  H2O



2 H+ + 2 electrons + 1/2 O2  ----->  H2ONADH + H+ + 1/2 O2---->  NAD+ +  H2O
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STAGE 2: 



STAGE 2: 



3 carbons 2 carbons

6 carbons         2 x 3 carbons                                                   2 x 2 carbons                                                    

Glucose            2 x Pyruvate                                                     2 x Acetyl CoA                                                    

STAGE 2: 
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Acetyl CoAAcetate
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Acetyl CoAAcetate
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The ∆Go' of this oxidation reaction is -52.4 kcal/mol.  
(For comparisons sake, remember that the ∆Go' of the ATP to ADP reaction is 
 ~7.3 kcal/mol) 

  
Think of NADH + H+, therefore, as a pre-packaged form of available "potential" 
energy source, that can eventually be turned into ATP (approximately 3 ATP’s)

NADH + H+ + 1/2 O2---->  NAD+ +  H2O

C6H12O6 + 6 O2 ---> 6 CO2 + 6 H2O + energy (heat and light)

Total Net yield = 4 ATP,   2 FADH2 and  10 NADH + H+
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NADH + H+ + 1/2 O2---->  NAD+ +  H2O

C6H12O6 + 6 O2 ---> 6 CO2 + 6 H2O + energy (heat and light)

Total Net yield = 4 ATP,   2 FADH2 and  10 NADH + H+

4           2 x 2       and    10 x 3     = 38 ATP 

The ∆Go' of this oxidation reaction is -52.4 kcal/mol.  
(For comparisons sake, remember that the ∆Go' of the ATP to ADP reaction is 
 ~7.3 kcal/mol) 

  
Think of NADH + H+, therefore, as a pre-packaged form of available "potential" 
energy source, that can eventually be turned into ATP (approximately 3 ATP’s)













2 H+ + 2 electrons + 1/2 O2  ----->  H2ONADH + H+ + 1/2 O2---->  NAD+ +  H2O
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Respiratory Chain:

Periplasmic Space  

Cytoplasm  

Inter membrane 
space 

Mitochondrial  
Matrix  
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C6H12O6 + 6 O2 ---> 6 CO2 + 6 H2O + energy (heat and light)C6H12O6 + 6 O2 ---> 6 CO2 + 6 H2O + energy (heat and light)
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