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Introduction
Reactome is open-source, open access, manually curated and peer-reviewed pathway database. Pathway
annotations are authored by expert biologists, in collaboration with Reactome editorial staff and crossreferenced to many bioinformatics databases. A system of evidence tracking ensures that all assertions
are backed up by the primary literature. Reactome is used by clinicians, geneticists, genomics researchers, and molecular biologists to interpret the results of high-throughput experimental studies, by bioinformaticians seeking to develop novel algorithms for mining knowledge from genomic studies, and by
systems biologists building predictive models of normal and disease variant pathways.
The development of Reactome is supported by grants from the US National Institutes of Health (P41
HG003751), University of Toronto (CFREF Medicine by Design), European Union (EU STRP, EMI-CD), and
the European Molecular Biology Laboratory (EBI Industry program).
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Fatty acid metabolism ↗
Stable identifier: R-HSA-8978868

The synthesis and breakdown of fatty acids are a central part of human energy metabolism, and the
eicosanoid class of fatty acid derivatives regulate diverse processes in the body (Vance & Vance 2008 URL). Processes annotated in this module include the synthesis of fatty acids from acetyl-CoA, mitochondrial and peroxisomal breakdown of fatty acids, and the metabolism of eicosanoids and related molecules.

Literature references
Vance, JE., Vance, DE. (n.d.). Biochemistry of Lipids, Lipoproteins and Membranes (Fifth Edition). Retrieved from
http://www.sciencedirect.com/science/book/9780444532190

Editions
2007-02-03

Authored, Edited, Reviewed

Jassal, B., Gillespie, ME., Gopinathrao, G., D'Eustachio, P.

2017-02-20

Revised

D'Eustachio, P.

https://www.reactome.org

Page 3

Fatty acyl-CoA biosynthesis ↗
Location: Fatty acid metabolism
Stable identifier: R-HSA-75105
Compartments: endoplasmic reticulum membrane, cytosol

Fatty acyl-CoA biosynthesis involves following steps:
-Palmitate synthesis catalyzed by Acetyl-CoA carboxylase and Fatty acid synthase
-Conversion of palmitic acid to long chain fatty acids and
-Conversion of long chain fatty acids to fatty acyl-CoA by acyl-CoA synthases.

Literature references
Beld, J., Lee, DJ., Burkart, MD. (2015). Fatty acid biosynthesis revisited: structure elucidation and metabolic engineering. Mol Biosyst, 11, 38-59. ↗

Editions
2003-10-03

https://www.reactome.org

Authored, Edited

Gopinathrao, G.

Page 4

Arachidonic acid metabolism ↗
Location: Fatty acid metabolism
Stable identifier: R-HSA-2142753

Eicosanoids, oxygenated, 20-carbon fatty acids, are autocrine and paracrine signaling molecules that
modulate physiological processes including pain, fever, inflammation, blood clot formation, smooth
muscle contraction and relaxation, and the release of gastric acid. Eicosanoids are synthesized in humans primarily from arachidonic acid (all-cis 5,8,11,14-eicosatetraenoic acid) that is released from membrane phospholipids. Once released, arachidonic acid is acted on by prostaglandin G/H synthases (PTGS,
also known as cyclooxygenases (COX)) to form prostaglandins and thromboxanes, by arachidonate
lipoxygenases (ALOX) to form leukotrienes, epoxygenases (cytochrome P450s and epoxide hydrolase) to
form epoxides such as 15-eicosatetraenoic acids, and omega-hydrolases (cytochrome P450s) to form hydroxyeicosatetraenoic acids (Buczynski et al. 2009, Vance & Vance 2008).
Levels of free arachidonic acid in the cell are normally very low so the rate of synthesis of eicosanoids is
determined primarily by the activity of phospholipase A2, which mediates phospholipid cleavage to generate free arachidonic acid. The enzymes involved in arachidonic acid metabolism are typically constitutively expressed so the subset of these enzymes expressed by a cell determines the range of
eicosanoids it can synthesize.
Eicosanoids are unstable, undergoing conversion to inactive forms with half-times under physiological
conditions of seconds or minutes. Many of these reactions appear to be spontaneous.

Literature references
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alpha-linolenic (omega3) and linoleic (omega6) acid metabolism ↗
Location: Fatty acid metabolism
Stable identifier: R-HSA-2046104
Compartments: peroxisomal matrix, endoplasmic reticulum membrane, peroxisomal membrane, endoplasmic reticulum lumen

There are two major classes of polyunsaturated fatty acids (PUFAs): the omega-3 (n-3) and the omega-6
(n-6) fatty acids, where the number corresponds to the position of the first double bond proximate to the
methyl end of the fatty acid. Omega-3 and omega-6 fatty acids are considered essential fatty acids. Humans cannot synthesize them, instead they are supplied through diet. Linoleic acid (LA, 18:2(n-6)), a major component of omega-6 fatty acids and alpha-linolenic acid (ALA, 18:2(n-3)) a major component of
omega-3 fatty acids are the two main dietary essential fatty acids (EFAs) in humans. ALA and LA obtained
from diet are converted in the body into their longer chain and more unsaturated omega-3 and omega-6
products by a series of desaturation and elongation steps. Metabolism of ALA and LA to their corresponding products is mediated via common enzyme systems. In humans ALA is finally converted to
docosahexaenoic acid (DHA, C22:6(n-3)), and LA is converted to docosapentaenoic acid (DPA, C22:5(n6)). The intermediary omega-3 and omega-6 series fatty acids play a significant role in health and disease
by generating potent modulatory molecules for inflammatory responses, including eicosanoids
(prostaglandins, and leukotrienes), and cytokines (interleukins) and affecting the gene expression of
various bioactive molecules (Kapoor & Huang 2006, Sprecher 2002, Burdge 2006).
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Carnitine metabolism ↗
Location: Fatty acid metabolism
Stable identifier: R-HSA-200425
Compartments: mitochondrion, cytosol

The mitochondrial carnitine system catalyzes the transport of long-chain fatty acids into the mitochondrial matrix where they undergo beta oxidation. This transport system consists of the malonyl-CoA sensitive carnitine palmitoyltransferase I (CPT-I) localized in the mitochondrial outer membrane, the carnitine:acylcarnitine translocase, an integral inner membrane protein, and carnitine palmitoyltransferase II
localized on the matrix side of the inner membrane. (Kerner and Hoppel, 2000).

Literature references
Gandour, RD., Ramsay, RR., van der Leij, FR. (2001). Molecular enzymology of carnitine transfer and transport.
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Mitochondrial Fatty Acid Beta-Oxidation ↗
Location: Fatty acid metabolism
Stable identifier: R-HSA-77289
Compartments: mitochondrial matrix

Beta-oxidation begins once fatty acids have been imported into the mitochondrial matrix by carnitine
acyltransferases. The beta-oxidation spiral of fatty acids metabolism involves the repetitive removal of
two carbon units from the fatty acyl chain. There are four steps to this process: oxidation, hydration, a
second oxidation, and finally thiolysis. The last step releases the two-carbon acetyl-CoA and a ready
primed acyl-CoA that takes another turn down the spiral. In total each turn of the beta-oxidation spiral
produces one NADH, one FADH2, and one acetyl-CoA.
Further oxidation of acetyl-CoA via the tricarboxylic acid cycle generates additional FADH2 and NADH.
All reduced cofactors are used by the mitochondrial electron transport chain to form ATP. The complete
oxidation of a fatty acid molecule produces numerous ATP molecules. Palmitate, used as the model here,
produces 129 ATPs.
Beta-oxidation pathways differ for saturated and unsaturated fatty acids. The beta-oxidation of saturated
fatty acids requires four different enzymatic steps. Beta-oxidation produces and consumes intermediates
with a trans configuration; unsaturated fatty acids that have bonds in the cis configuration require three
separate enzymatic steps to prepare these molecules for the beta-oxidation pathway.

Literature references
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Peroxisomal lipid metabolism ↗
Location: Fatty acid metabolism
Stable identifier: R-HSA-390918

In humans, the catabolism of phytanate, pristanate, and very long chain fatty acids as well as the first
four steps of the biosynthesis of plasmalogens are catalyzed by peroxisomal enzymes. Defects in any of
these enzymes or in the assembly of peroxisomes are associated with severe developmental disorders
(Wanders and Watherham 2006).
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