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Biosynthesis of Lipid  

At the beginning of the 20th Century, it would have been hard to imagine 

that as we approach the end of the millennium, obesity, rather than hunger, would 

be a major public health problem for much of the developed world.  The condition 

of being overweight affects 58 million Americans who spend $30 billion a year 

fighting excess pounds, often futilely.  However, obesity is not just a problem in the 

U.S., it is an international health problem.  Now recognized as a chronic disease, 

obesity is second only to smoking as a contributor to illness and premature death 

throughout the world.  Complications that result from obesity include 

hypertension, hyperlipidemia, cardiovascular disease, diabetes, and cancer.   

 

 

Acetyl-CoA Carboxylase 

 Fatty acid biosynthesis occurs through the condensation of C2 units and is 

coupled to the hydrolysis of ATP. The process of fatty acid synthesis involves two 

regulatory steps.  The first step is the carboxylation of acetyl-CoA in the cytosol to 

form malonyl CoA (Figure 1).  Catalyzed by the biotin-dependent acetyl-CoA 

carboxylase, an enzyme that transfers CO2 to substrates, this step is the rate-

limiting step and therefore a very important site in the regulation of fat 

accumulation.  If sufficient biotin is not available for carboxylation of acetyl-CoA, 

fatty acid synthesis will not occur.  The second major point of regulation in fatty 

acid synthesis is the decarboxylation of the malonyl group, catalyzed by fatty acid 

synthase.  The multienzymatic activity of fatty acid synthase regulates fatty acid 

synthesis (Figure 2).  
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Figure 1. Carboxylation reaction of acetyl-CoA in the cytosol to form malonyl 

CoA via acetyl-CoA carboxylase (ACC). 

 

 

The rate of fatty acid synthesis is controlled by the equilibrium between the 

monomeric and polymeric acetyl-CoA carboxylase.  Control of the acetyl-CoA 

carboxylase enzyme involves phosphorylation-dephosphorylation reactions.  

Metabolically, this conformational change is enhanced by citrate and is inhibited by 

long-chain fatty acids (i.e. palmitoyl-CoA).  The accumulation of citrate in the 

cytosol of adipose cells shifts equilibrium to the polymeric acetyl-CoA carboxylase, 

thus activating fatty acid biosynthesis.  Palmitoyl-CoA promotes polymer 

disaggregation and is a primary feedback inhibitor of fatty acid synthesis. 

 



Dr.Nagham  Qasim  Kadhim 
 

3 

 

 

Figure 2. The reaction sequence for the biosynthesis of fatty acids. 
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Metabolism of Glycerol  
Glycerol obtained from the breakdown of fat is metabolized by conversion to 

dihydroxyacetone phosphate, a glycolytic intermediate, in enzymes catalyzed 
reactions.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Anabolism and Catabolism Glycerol 


