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Figure 1. The chemical 
structure of fatty acid 

molecules. 

I have always found it interesting that the bulk of teaching and 
research attention for muscle metabolism and exercise 
performance concerns carbohydrate.  For intense exercise 
performance, this is understandable.  However, for most of us, 
the majority of our exercise concerns a mix of carbohydrate and 
fat catabolism.  In addition, as we are mostly inactive, we rely on 
fat catabolism for a larger proportion of energy catabolism each 
and every day.  Added to this is the fact that as we become more 
endurance trained, our reliance on fat catabolism for any 
movement stress increases.  Clearly, having a clear 
understanding of the biochemistry of fat catabolism in both 
muscle and adipose tissue is important for a more complete 
education in exercise physiology. 

 
While there are many different types of fat or lipid 
molecules within the body, only a few are used as an 
energy store and/or to provide fuel to the sub-cellular 
energy catabolic pathways that support cell work, such as 
muscle contraction.  These fat molecules are called fatty 
acids, and are characterized by a structure comprised of a 
carboxylic acid functional group connected to a 
hydrocarbon chain that could range in length from 4 to 36 
carbons (Figure 1).  The hydrocarbon chains can consist of 
single bonds, which are termed fully saturated fatty acids, 
and structurally have straight hydrocarbon chains.  
Hydrocarbon chains with double bonds cause bends in the 
chains, and are called unsaturated fatty acids.  Single 
double bond fatty acid chains are mono-unsaturated, and 
multiple double bond fatty acid chains are polyunsaturated 
fatty acids.  The predominant fatty acid used for fuel 
storage in skeletal muscle is palmitate, a 16 carbon 
saturated fatty acid. 
 
Fatty acid molecules are stored in the form of a 
triacylglycerol (Figure 2), which consists of a glycerol 
backbone from which three fatty acids are connected by ester bonds.  Thus, adding 
fatty acids to glycerol to for triacylglycerols is termed esterification.  Removing fatty 
acids from triacylgycerols is termed de-esterification.  The de-esterification of 
triacylglycerols, signaled and regulated by the catecholamine hormones, is termed 
lipolysis. 
 
Skeletal muscles have intracellular stores of triacylglycerols within lipid droplets (Figure 
3).  Such fatty acids are an excellent energy store, as the hydrocarbon chain is highly 
reduced causing fats to have more than double the energy content for a given gram 
weight compared to carbohydrate.  Interestingly, despite past interest and emphasis in 
the mobilization of adipose tissue stores of fatty acids for fueling the energetics of cell 
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Figure 2. The chemical structure of a 
triacylglyerol. 

 
Figure 3. A schematic of lipolysis within skeletal muscle, triggered 

by an epinephrine mediated increase in intracellular cAMP. 

work, research has been clear in 
demonstrating that muscle lipid droplets 
account for between 50 – 80% of the fat used 
to fuel muscle contraction during low to 
moderate intensity exercise. 
 
Figure 3 summarizes the events causing 
lipolysis within skeletal muscle lipid droplets.  
Note that the same hormonal stimulus causes 
lipolysis of adipose tissue triacylglycerols.  
Epinephrine binds to a cell membrane 
receptor, increasing production of cyclic AMP 
(cAMP), an intracellular second messenger 
causing selective enzyme activation and 
inhibition.  This response activates a hormone 
sensitive triacylglycerol lipase.  The 
subsequent lipolysis, involving the sequential 
de-esterification of fatty acids from 
triacylglycerols and the release of glycerol, 
increases the release of free fatty acids into 
the cell.  For adipocytes, the free fatty acids 
are released into the blood, where they bind 

with the blood protein albumin.  Glycerol is a good indirect marker of adipocyte and 
blood triacylglycerol lipolysis as there is a slow metabolic clearance of glycerol from 
blood.  This is due to the liver and kidneys being the main tissues that have high 
enough concentrations of the enzyme glycerol kinase, which phosphorylates glycerol to 
glycerol-3-phosphate.  Glycerol-3-phosphate is then converted to dihydroxacetone 
phosphate, a glycolytic intermediate, by the enzyme glycerol-3-phosphate 
dehydrogenase.  You should remember this reaction from the glycerol-3-phosphate 
electron and H+ shuttle. 
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Glossary Words 
 
fatty acids are the long chain hydrocarbon groups that form the three main components 
of triacylglycerols. 
 
saturated fatty acids have a carbon chain containing single carbon bonds between 
linearly connected CH2 groups. 
 
unsaturated fatty acids a fatty acid chain having one or more carbon-carbon double 
bonds. 
 
palmitate is the body’s most common saturated fatty acid, consisting of 16-carbons. 
 
triacylglycerol is the molecular storage form of fatty acids, which eventually get stored 
within lipid droplets in adipose tissue and skeletal muscle. 
 
esterification refers to the formation of ester bonds that connect fatty acids to the 
glycerol backbone of a triacylglycerol. 
 
de-esterification refers to the splitting of the ester bond that binds each fatty acid 
molecule to the glycerol backbone of a triacylglycerol. 
 
lipolysis refers to the de-esterification of triacyglycerols (see next). 
 
hormone sensitive triacylglycerol lipase is the enzyme, activated by the cellular 
second messenger response to increased circulating epinephrine, that catalyzes the de-
esterification of triacylglycerol molecules to 3 free fatty acids and glycerol. 
 
glycerol is the alcohol carbohydrate that provides ester bond connections to the three 
fatty acids of a triacylglyercol. 
 

 


