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Figure 1. A schematic overview of the -oxidation 

pathway for the substrate palmitate. 

The process of fatty acid oxidation within 
the mitochondria involves three stages, of 
which the latter two, the TCA cycle and 
the electron transport chain coupled to 
ATP regeneration, have already been 
explained.  The first phase, as you may recall, must produce acetyl CoA, which is the 
shared entry point for both carbohydrate and lipid catabolism into the TCA cycle.  Thus, 
the initial stage of fatty acid oxidation sequentially removes acetyl CoA molecules from 

a fatty acyl-CoA molecule for the TCA cycle, and this is done via the -oxidation 
pathway. 

 

-oxidation 
Figure 1 presents an overview 

of -oxidation pathway, and 
Figure 2 presents the individual 

reactions of the -oxidation 
pathway for saturated fatty 
acids.  For palmitate, there are 

7 cycles of -oxidation, 
releasing 8 acetyl CoA 
molecules, 7 NADH, 7 FADH2 
and 7 H+. 
 
The first reaction catalyzed by 
acyl-CoA dehydrogenase, 
reduces FAD+ to FADH2 
through oxidation of the first 2 
carbons of the acyl chain, 
producing enoyl-CoA.  The 
second reaction, catalyzed by 
enoyl-CoA hydratase, is a 
hydration reaction that adds 
electrons and protons, plus an 
added oxygen, back onto the 

acyl chain, producing -
hydroxyacyl-CoA.  This is 
similar to the fumarase reaction 
of the TCA cycle, and it sets up 
the potential for further 
oxidation of the fatty acyl 
molecule.  Not surprisingly, the 
next reaction is an oxidation-

reduction reaction, catalyzed by -hydroxyacyl-CoA dehydrogenase, where NAD+ is 

reduced to NADH + H+, producing -ketoacyl-CoA.  The fourth and final reaction, 
catalyzed by acyl-CoA acetyltransferase (thiolase), cleaves acetyl CoA from the acyl 
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             Figure 2. The individual reactions of the -oxidation pathway. 

chain and then adds another CoA to the remaining shortened chain, thus producing 
acetyl CoA and an acyl chain that is two carbons shorter.  
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The four reactions of -oxidation are repeated on the shortening fatty-acyl molecule.  

Note again that each cycle of the -oxidation pathway produces 1 NADH, 1 FADH2, and 
1 acetyl CoA, which for the 16 carbon palmitate yields 8 acetyl CoA, 7 NADH, 7 FADH2, 

and 7 H+ from 7 cycles of the -oxidation pathway.  Figure 1 presents the repeat cycles 

of the -oxidation pathway needed to fully degrade palmitate.  The acetyl CoA is then 
used as substrate for the TCA cycle, and the reactions that follow are identical for 
carbohydrate and fatty acid oxidation.  As previously explained, this means that 
differences in energy yield and carbon dioxide production between fat and carbohydrate 
oxidation must be explained by the biochemistry that occurs along the way to acetyl 
CoA production.  Such computations and comparisons between carbohydrate and fat 
oxidation prior to the TCA cycle are presented in the next Topic. 
 
For unsaturated fatty acids, added reactions are needed to re-arrange specific atoms of 

the acyl chain.  The -oxidation pathway is then involved again in the sequential 
oxidization of the fatty acids to acetyl CoA molecules. 
 

Glossary Words 
 
-oxidation pathway is the sequence of reactions that sequentially removes acetyl 
CoA molecules from a fatty acyl CoA molecule, with added products of NADH and 
FADH2. 
 
acyl-CoA dehydrogenase is the first enzyme of β-oxidation. 
 
enoyl-CoA hydratase is the second enzyme of β-oxidation. 
 

-hydroxyacyl-CoA dehydrogenase is the third enzyme of β-oxidation. 
 
acyl-CoA acetyltransferase (thiolase) is the fourth and final enzyme of β-oxidation. 

 
 


