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BCH 204
Beta-oxidation is the catabolic process by which fatty acid molecules are broken down in the cytosol in prokaryotes and in the mitochondria in eukaryotes to generate acetyl-CoA, which enters the citric acid cycle, and NADH and FADH2, which are co-enzymes used in the electron transport chain.

The following are steps involved in beta oxidation:
1. Activation of fatty acid to acyl-CoA

2. Transfer of acyl CoA into mitochondria by carnitine

transport system

3. Reactions of β-oxidation in mitochondria


1. Activation of fatty acid to acyl-COA

Fatty acids are activated by reaction with CoA to form fatty acyl CoA. The reaction normally occurs in the endoplasmic reticulum or the outer mitochondrial membrane. This is an ATP-requiring reaction, yielding AMP and pyrophosphate (PPi). Different enzymes are specific for fatty acids of different chain length. Subsequent hydrolysis of the PPi by a pyrophosphatase draws the activation to completion.
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2. Transport of acyl-COA into mitchondria by carnatine transport system

Cytoplasmic fatty acyl CoA is converted to fatty acyl carnitine by carnitine acyl transferase (CAT I), an enzyme of the inner leaflet of the outer mitochondrial membrane. Fatty acyl carnitine is then trransported by an antiport in exchange for free carnitine to the inner surface of the inner mitochondrial membrane. There carnitine acyl transferase II (CAT II) reverses the process, producing fatty acyl CoA and carnitine. This shuttle mechanism is required only for longer chain fatty acids. Medium- and short chain fatty acids are carnitine-independent. They cross the mitochondrial membranes, and are activated in the mitochondrion.
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3. Reaction of beta oxidation in mitchondria

Beta oxidation occurs in the mitochondria of eukaryotic cells and in the cytosol of prokaryotic cells. However, before this happens, fatty acids must first enter the cell and, in the case of eukaryotic cells, the mitochondria. In cases where fatty acid chains are too long to enter the mitochondria, beta oxidation can also take place in peroxisomes.

First, fatty acid protein transporters allow fatty acids to cross the cell membrane and enter the cytosol, since the negatively charged fatty acid chains cannot cross it otherwise. Then, the enzyme fatty acyl-CoA synthase (or FACS) adds a CoA group to the fatty acid chain, converting it to acyl-CoA.

Depending on the length, the acyl-CoA chain will enter the mitochondria in one of two ways:

If the acyl-CoA chain is short, it can freely diffuse through the mitochondrial membrane.

If the acyl-CoA chain is long, it needs to be transported across the membrane by the carnitine shuttle. For this, the enzyme carnitine palmitoyltransferase 1 (CPT1)—bound to the outer mitochondrial membrane—converts the acyl-CoA chain to an acylcarnitine chain, which can be transported across the mitochondrial membrane by carnitine translocase (CAT). Once inside the mitochondria, CPT2—bound to the inner mitochondrial membrane—converts the acylcarnitine back to acyl-CoA. At this point, acyl-CoA is inside the mitochondria and can now undergo beta oxidation.

As mentioned above, if the acyl-CoA chain is too long to be processed in the mitochondria, it will be broken down by beta oxidation in the peroxisomes. Research suggests that very long acyl-CoA chains are broken down until they are 8 carbons long, after which they are transported and enter the beta oxidation cycle in the mitochondria. Beta oxidation in the peroxisomes yields H2O2 instead of FADH2 and NADH, producing heat as a result.
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