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In our modern society, where food is in excess, and unfortunately, so is food ingestion, 
we think of fat synthesis as an unfavorable event.  However, in much earlier phases of 

human history, fat synthesis was undoubtedly a life 
saving feature of metabolism.  During times of food 
excess, calories could be ingested and stored as fat 
for later use in energy catabolism.  In this way, 
humans were not that different to most other animal 
species.  Thus, today, if you are lucky enough to live in 
a developed society, constraining yourself from excess 
food ingestion is the major life stress, not finding food.  
Now that food is easily available from the store around 
the corner, we do not need to store excess calories as 
fat.  The irony is that in no other time in human history 
are so many people ingesting far too much food, while 
at the same time in less developed countries, there 
are so many people malnourished from food and water 
scarcity.  Despite our achievements as an intelligent 
species, the inequalities between those that have, and 
those that have not, continue to increase. 

 
Glycogen is not a dense store of energy, and can only be replenished in muscle from 
carbohydrate ingestion.  Glycogen stores in the body are comparatively small and 
cannot support the body’s energy needs for more than 12 hours.  Conversely, 
conversion of excess carbohydrate and protein to fatty acids more than doubles the 
density of energy storage.  In addition, the body has an enormous capacity to store 
excess fatty acids in the form of triacylglycerols stored in adipocytes subcutaneously 
(under the skin), around organs, and even within muscle. 
 
During and in the hours after a meal, there are increased blood glucose, amino acids 
and lipids due to the ingestion of carbohydrate, protein and fat, as well as the 
processing of these macronutients by the liver.  Excess blood glucose and amino acid 
molecules are converted to fatty acids in the liver, as explained in the Topic, Fatty Acid 
Synthesis.  These fatty acid molecules, although transported as triacylglycerols, are 
released as free fatty acids in the blood, and taken up by adipose cells (adipocytes) and 
muscle fibers for re-esterification (addition of ester bonds to glycerol) to reform 
triacylglycerols.  This Topic will explain this process specific to each of adipocytes and 
muscle fibers. 
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Figure 1. The two sources for the production of 

glycerol-3-phosphate in muscle and the liver. 

Adipose Tissue Triacylglycerol 
Synthesis 
To form triacylglycerols, the 
adipose cell must first produce 
glycerol-3-phosphate, a 
phosphorylated derivative of 
glycerol and also dihydroxyacetone 
phosphate (Figure 1).  Glycerol is 
a small sugar alcohol, and is one of 
the most diffusive molecules in the 
body.  This facilitates the 
widespread presence of glycerol 
throughout the body, with the 
typical blood concentration at rest 
in the fasted but not nutrient 
starved state of approximately 0.05 
mmol/L.  Blood glycerol is released 
during lipolysis (triacylglycerol de-
esterification) and can increase 
rapidly during exercise, or when 
fasted and nutrient starved, to 
greater than 1.5 mmol/L . 
 
Figure 1 shows the reactions that 
produce glycerol-3-phosphate.  
Note that the liver and kidneys 

have the enzyme glycerol kinase, which mainly occurs in the liver, kidney and 
adipocytes as these tissues have the enzyme glycerol kinase.  Both glycerol and 
dihydroxyacetone phosphate can be converted to glycerol-3-phosphate.  While it is 
commonly known that glycerol serves as the backbone structure for triacylglycerol 
synthesis, as previously stated, the essential metabolite for this process is actually 
glycerol-3-phosphate.  Thus, the glycerol molecule itself is not needed for triacylglycerol 
synthesis. 
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Figure 2. The production of phosphatidate. 

 
After the production of glycerol-3-
phosphate, the next step in 
triacylglycerol synthesis is the 
production of phosphatidate 
(Figure 2).  This process involves 
the sequential addition of two fatty 
acyl-CoA molecules to glycerol-3-
phosphate at carbons 1 and 2.  The 
formation of fatty acyl-CoA via acyl-
CoA synthetase is the same as for 
the activation of fatty acids for 
transport into the mitochondria via 
the carnitine shuttle (Figure 3).  An 
acyl transferase enzyme catalyzes 
the addition of each fatty-acyl-CoA 
to the original glycerol-3-phosphate 
backbone to form the phosphatidate 
molecule.  Interestingly, 
phosphatidate is also a precursor to 
the production of important 
phospholipid molecules found in cell 
membranes such as 
phosphatidylethanolamine, 
phosphatidylinositol and 
phosphatidylcholine. 
 
The next step in triacylglycerol 
synthesis is fairly straight forward 
(Figure 4).  Phosphatidate is 
converted to 1,2 diacylglycerol via 
phosphatidate phosphatase.  A 
third fatty acyl-CoA is then used to add a fatty acid chain to the third carbon, forming a 
triacylglycerol having three ester bonds connecting the glycerol backbone to the three 
fatty acid chains.  Due to the ester bonds formed from the addition of fatty acid 
molecules during triacylglycerol synthesis, this process is also known as esterification, 
and the removal of fatty acids during lipolysis is termed de-esterification. 
 
Muscle Triacylglycerol Synthesis 
For muscle, the same reactions are operative, except for the glycerol kinase reaction.  
Furthermore, as muscle cannot synthesize fatty acids, muscle gets them from blood and 
therefore requires hormonal and/or lipoprotein molecule regulation of free fatty acid 
release within the muscle micro-circulation. 
 
Due to the absence of the enzyme glycerol kinase, muscle derives the glycerol-3-
phosphate for the backbone of triacylglycerols from the conversion of dihydroxyacetone 
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Figure 3. The activation of free fatty acids in preparation for either of fatty acid oxidation or 

triacylglycerol synthesis. 

phosphate to glycerol-3-phosphate via the enzyme glycerol-3-phosphate 
dehydrogenase.  Muscle then proceeds to synthesize triacylglycerols and incorporates 
them into lipid droplets, or if needed membranes within cell or the cell membrane 
(sarcolemma).  The store of muscle triacylglycerols in lipid droplets has not yet received 
widespread research, but it is known that they can provide between 20 to 70 % of the 
fatty acids used during low to moderate intensity exercise.  Presumably, muscle 
triacylglycerol stores are replenished in the recovery between exercise, but the time 
course of this process has yet to be adequately researched. 
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Figure 4. The addition of a third activated fatty acid molecule (fatty acyl-CoA) to phosphatidate to 
form a triacylglycerol. 
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Glossary Words 
 
fatty acids are the hydrogen dense elongated carbon chain components of 
triacylglycerols. 
 
triacylglycerols are the storage form of fatty acids, consisting of a glycerol backbone 
and three fatty acid molecules connected to glycerol via ester bonds. 
 
adipocytes are cells predominantly composed of stored triacylglycerols. 
 
re-esterification is the process of re-forming the ester bonds that connect fatty acids to 
glycerol. 
 
glycerol-3-phosphate is the metabolite, produced from dihydroxyacetone phosphate, 
that is eventually converted to glycerol. 
 
glycerol is the sugar alcohol backbone of triacylglycerols.  Glycerol is the most diffusive 
molecule in the body, and is also used as a nutritional supplement in water to facilitate 
improved hydration. 
 
glycerol kinase is the enzyme that catalyzes the formation/breakdown of glycerol-3-
phosphate. 
 
phosphatidate is the immediate substrate precursor to triacylglycerol synthesis. 
 
fatty acyl-CoA is the activated form of a fatty acid, after addition of acetyl CoA. 
 
acyl-CoA synthetase is the enzyme that catalyzes the addition of acetyl CoA to a fatty 
acid, forming fatty acyl CoA. 
 
phosphatidate phosphatase is the enzyme that catalyzes the conversion of 
phosphatidate to 1,2 diacylglycerol. 
 
ester bonds are the bonds that form between carboxyl and hydroxyl functional groups. 
 
esterification is the process of forming ester bonds. 
 

 
 


