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BIOMEDICAL IMPORTANCE

Although fatty acids are both oxidized to acetyl-CoA
and synthesized from acetyl-CoA, fatty acid 
oxidation is not the simple reverse of fatty acid 
biosynthesis but an entirely different process 
taking place in a separate compartment of the 
cell.
Each step in fatty acid oxidation involves acyl-CoA
derivatives catalyzed by separate enzymes, 
utilizes NAD+ and FAD as coenzymes, and 
generates ATP. It is an aerobic process, requiring
the presence of oxygen.



BIOMEDICAL IMPORTANCE

Increased fatty acid oxidation is a characteristic 
of starvation and of diabetes mellitus, leading 
to ketone body production by the liver 
(ketosis).

Because gluconeogenesis is dependent upon 
fatty acid oxidation, any impairment in fatty 
acid oxidation leads to hypoglycemia.



Fatty Acids Are Activated Before
Being Catabolized

In the presence of ATP and coenzyme A, the 
enzyme acyl-CoA synthetase (thiokinase)

catalyzes the conversion of a fatty acid (or free

fatty acid) to an “active fatty acid” or acyl-CoA, 
which uses one high-energy phosphate with 
the formation of AMP and PPi (Figure 22–1).



Long-Chain Fatty Acids Penetrate the
Inner Mitochondrial Membrane as

Carnitine Derivatives

Carnitine (β-hydroxy-γ-trimethylammonium
butyrate) is widely distributed and is 
particularly abundant in muscle.



OXIDATION OF FATTY ACIDS
INVOLVES SUCCESSIVE CLEAVAGE

WITH RELEASE OF ACETYL-CoA

two carbons at a time are cleaved from acyl-CoA
molecules, starting at the carboxyl end. The 
chain is broken between the α(2)- and β(3)-
carbon atoms—hence the name β-oxidation. 
The two-carbon units formed are acetyl-CoA; 
thus, palmitoyl-CoA forms eight acetyl-CoA
molecules.





The Cyclic Reaction Sequence Generates
FADH2 & NADH

Several enzymes, known collectively as “fatty 
acid oxidase,” are found in the mitochondrial 
matrix or inner membrane adjacent to the 
respiratory chain. These catalyze the oxidation 
of acyl-CoA to acetyl-CoA, the system being 
coupled with the phosphorylation of ADP to

ATP (Figure 22–3).



OXIDATION OF FATTY ACIDS PATHWAY

The first step is the removal of two hydrogen atoms 

from the 2(α)- and 3(β)-carbon atoms, catalyzed by

acyl-CoA dehydrogenase and requiring FAD. This 
results in the formation of Δ2-trans-enoyl-CoA and 
FADH2. 

The reoxidation of FADH2 by the respiratory chain 
requires the mediation of another flavoprotein, 
termed electron-transferring flavoprotein .



OXIDATION OF FATTY ACIDS PATHWAY

Water is added to saturate the double bond and

form 3-hydroxyacyl-CoA, catalyzed by 2-enoyl-CoA

hydratase. The 3-hydroxy derivative undergoes further

dehydrogenation on the 3-carbon catalyzed by L(+)-3-

hydroxyacyl-CoA dehydrogenase to form the 
corresponding 3-ketoacyl-CoA compound.

In this case, NAD+ is the coenzyme involved. Finally, 3-
ketoacyl-CoA is split at the 2,3- position by thiolase (3-
ketoacyl-CoA-thiolase), forming acetyl-CoA and a new 
acyl-CoA two carbons shorter than the original acyl-
CoA molecule







Oxidation of Fatty Acids Produces
a Large Quantity of ATP

Transport in the respiratory chain of electrons from 
FADH2 and NADH will lead to the synthesis of five 
high-energy phosphates  for each of the first seven 
acetyl-CoA molecules formed by β-oxidation of 
palmitate (7 × 5 = 35).

A total of 8 mol of acetyl-CoA is formed, and each will 
give rise to 12 mol of ATP on oxidation in the citric 
acid cycle, making 8 × 12 = 96 mol. Two must be 
subtracted for the initial activation of the fatty acid, 
yielding a net gain of 129 mol

of ATP per mole of palmitate, or 129 × 51.6* = 6656

kJ. 



KETOGENESIS OCCURS WHEN THERE
IS A HIGH RATE OF FATTY ACID

OXIDATION IN THE LIVER

Under metabolic conditions associated with a high rate

of fatty acid oxidation, the liver produces considerable

quantities of acetoacetate and 3-hydroxybutyrate

(β-hydroxybutyrate). Acetoacetate continually undergoes

spontaneous decarboxylation to yield acetone.

These three substances are collectively known as the ketone
bodies (also called acetone bodies] (Figure 22–5).

Acetoacetate and 3-hydroxybtyrate are interconverted by the 
mitochondrial enzyme D()-3-hydroxybutyrate 
dehydrogenase.







Pathway of Ketogenesis

Enzymes responsible for ketone body formation are 
associated mainly with the mitochondria. Two 
acetyl-CoA molecules formed in β-Oxidation 
condense with one another to form acetoacetyl-
CoA by a reversal of the thiolase reaction.

Acetoacetyl-CoA, which is the starting material for 
ketogenesis, also arises directly from the terminal 
four carbons of a fatty acid during β-oxidation 
(Figure 22–7).



Pathway of Ketogenesis

Condensation of acetoacetyl-CoA with another molecule 
of acetyl-CoA by 3-hydroxy-3-methylglutaryl-CoA 
synthase forms HMG-CoA. 3-Hydroxy-3-ethylglutaryl-
CoA lyase then causes acetyl-CoA to split off from the 
HMGCoA, leaving free acetoacetate. The carbon atoms 
split off in the acetyl-CoA molecule are derived from 
the original acetoacetyl-CoA molecule. 

Both enzymes must be present in mitochondria for 
ketogenesis to take place. 3-Hydroxybutyrate is 
quantitatively the predominant ketone body present in 
the blood and urine in ketosis.





Ketone Bodies Serve as a Fuel
for Extrahepatic Tissues

In extrahepatic tissues, acetoacetate is activated to 
acetoacetyl-CoA by succinyl-CoA-acetoacetate CoA
transferase. CoA is transferred from succinyl-CoA to 
form acetoacetyl-CoA (Figure 22–8). 

The acetoacetyl- CoA is split to acetyl-CoA by thiolase and 
oxidized in the citric acid cycle. In most cases, 
ketonemia is due to increased production

of ketone bodies by the liver rather than to a

deficiency in their utilization by extrahepatic tissues.





KETOGENESIS IS REGULATED
AT THREE CRUCIAL STEPS




