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1. Biosynthesis of fats and phospholipids : 
Triglyceride biosynthesis 
Reaction sequence: 

1. Formation of glycerol-3-phosphate from dihydroxyacetone phosphate is the 

first step and it is catalyzed by glycerol-3-phosphate dehydrogenase. NADH is 

the hydrogen donor. This reaction occurs in liver and adipose tissue. 

2. Alternatively, in the liver glycerol-3-phosphate is formed from free glycerol. 

The reaction is catalyzed by glycerolkinase. ATP and Mg
2+

 are required. 

3. Activated fatty acid is incorporated into glycerol-3-phosphate in this 

reaction.Monoacylglycerol-3-phosphate or lysophosphatidate is the product of 

the reaction. Glycerophosphate acyl transferase catalyzes this reaction. It 

occurs in the liver, adipose tissue and intestine of non-ruminants.  

4. Triglycerides synthesized in liver and intestine are transported to other tissues 

where as in adipose tissue triglycerides are stored. Both saturated and 

unsaturated fatty acids having 16-18 carbon atoms are used for triglycerides 

formation after activation. They are used in the CoA form. In the liver, 

triglyceride are synthesized from either free glycerol, dihydroxyacetone 

phosphate of glycolysis or both. In the adipose tissue from dihydroxyacetone, 

phosphate triglycerides are produced. In the intestine, from 2-

monoacylglycerol triglycerides are formed. 

5. Another molecule of fatty acid is transferred to 2-carbon of lyso phosphatidate 

by monoacylglycerol-3-phosphate acyl transferase to form phosphatidate. 

Phosphatidate is required for compound lipid synthesis also. 

6. 1,2-diacyl glycerol is generated from phosphatidate by removing phosphate. 

The reaction is catalyzed by phosphatase an hydrolase. 

7. In the intestine 1, 2-diacyl glycerol is formed from monoacyl glycerol by the 

transfer of fatty acid. The reaction is catalyzed by monoacyl glycerol acyl 

transferase. 

8. Further esterification of 1, 2-diacyl glycerol with another molecule of fatty 

acid at 3-carbon hydroxyl group result in the formation of triglycerides. The 

reaction is catalyzed by 1,2- diacyl glycerol acyl transferase. 

 

  

 

Medical Importance: 
1. Diet influences the type of fat produced in adipose tissue. Carbohydrate or 

starchy diets produce hard fat whereas diets rich is peanut oil or corn oil 

produce soft fat. 

2. Triglyceride formation is marked in well fed state and decreased in starvation, 

diabetes. High fat diet also decreases fat formation. 

3. Usually triglyceride biosynthesis is directly related to fatty acid biosynthesis. 

 

Complex lipids, such as neutral fats (triacylglycerols), phospholipids, and 

glycolipids, are synthesized via common reaction pathways. Most of the enzymes 

involved are associated with the membranes of the smooth endoplasmic reticulum. 

The synthesis of fats and phospholipids starts with glycerol 3-phosphate. This 

compound can arise via two pathways: 



     1. By reduction from the glycolytic intermediate glycerol-3-phosphate 

(dihydroxyacetone 3-phosphate; by enzyme: glycerol-3-phosphate 

dehydrogenase or: 

     2.     By phosphorylation of glycerol deriving from fat degradation (by enzyme: 

glycerol kinase. Then :  

 - Esterification of glycerol 3-phosphate with a long-chain fatty acid produces a 

strongly amphipathic lysophosphatidate (by enzyme: glycerol-3-phosphate 

acyltransferase ). In this reaction, an acyl residue is transferred from the activated 

precursor acyl-CoA to the hydroxy group at C-1. 

 - A second esterification of this type leads to a phosphatidate (by enzyme: 1-

acylglycerol-3-phosphate acyltransferase). Unsaturated acyl residues, particularly 

oleic acid, are usually incorporated at C-2 of the glycerol. 

    Phosphatidates (anions of phosphatidic acids) are the key molecules in the 

biosynthesis of fats, phospholipids, and glycolipids.  

- To biosynthesize fats (triacylglycerols), the phosphate residue is again removed by 

hydrolysis (by enzyme: phosphatidate phosphatase). This produces 

diacylglycerols(DAG). 

- Transfer of an additional acyl residue to DAG forms triacylglycerols (by enzyme: 

diacylglycerolacyltransferase). This completes the biosynthesis of neutral fats. They 

are packaged into VLDLs by the liver and released into the blood. Finally, they are 

stored by adipocytes in the form of insoluble fat droplets. 

   The biosynthesis of most phospholipids also starts from DAG. 

- Transfer of a phosphocholine residue to the free OH group gives rise to phospha-

tidylcholine (lecithin) by enzyme: 1-alkyl-2-

acetylglycerolcholinephosphotransferase). The phosphocholine residue is derived 

from the precursor CDP-choline. 

Phosphatidylethanolamine is similarly formed from CDP-ethanolamine and DAG. 

By contrast, phosphatidylserine is derived from phosphatidylethanolamine by an 

exchange of the amino alcohol. Further reactions serve to interconvert the 

phospholipids e. g., phosphatidylserine can be converted into 

phosphatidylethanolamine by decarboxylation, and the latter can then be converted 

into phosphatidylcholine by methylation with S-adenosyl methionine. The 

biosynthesis of phosphatidylinositol starts from phosphatidate rather than DAG. 

⃰- Transfer of a CMP residue gives rise first to CDP-diacylglycerol (by enzyme: 

phosphatidatecytidyltransferase). 

⃰- Substitution of the CMP residue by inositol then provides phosphatidyl-inositol (by 

enzyme: CDPdiacylglycerolinositol-3-phosphatidyl transferase). 

⃰-  An additional phosphorylation (by enzyme: phosphatidylinositol-4-phosphate 

kinase ) finally provides phosphaditylinositol-4,5-bisphosphate (PIP2) which is the 

precursor for the second messengers 2,3-diacylglycerol (DAG) and inositol-1,4,5-

trisphosphate. 



 
 

 
 

 
 

 

 

 

Lipid Storage Diseases or Lipidoses: 
Under normal conditions, synthesis and degradation of compound lipids is well 

balanced. Deficiency or lack of enzymes of their degradation causes accumulation of 

these lipids in tissues. Abnormal accumulation of compound lipids in various tissues 

lead to lipidoses or lipid storage diseases. They are all inherited. Some of them are 

mentioned below. 

1. Gaucher's disease. It is due to deficiency of β-glucosidase. Since this enzyme 

is involved in the breakdown of glucocerebroside. Its deficiency leads to 



accumulation of glucocerebrosides in liver and spleen. Therefore, the 

characteristic symptoms are enlarged liver and spleen. 

2. Krabbe's disease. The deficiency of Galactocerebrosidase  lead to 

accumulation of galactocerebrosides, mental retardation and absence of 

myelin are the symptoms. 

3. Neimann-Pick disease. It is due to defective sphingomyelinase. So, 

sphingomyelin accumulates in liver and spleen. As a result, spleen and liver 

are enlarged. It is a serious condition and usually occurs in infancy and 

causes death in few months. 

4. Tay-Sachs disease. Hexosaminidase A is deficient enzyme in this disease. 

Since this enzyme degrades  gangliosides. Its deficiency leads to accumulation 

of these in brain and nerves. Therefore, characteristic symptoms are related to 

nervous systems. They are mental defects, neurological disturbances and 

blindness. 

 

5. Farber's disease. Ceramidase is deficient in this condition. So, there is 

accumulation of ceramide in tissues. Other symptoms are skeletal 

deformation, mental retardation and dermatitis. 

6. Metachromatic leukodystrophy. It is due to deficiency of arylsulfatase A. 

Since this enzyme hydrolyzes galactosulftides, its deficiency leads to 

accumulation of these lipids in nerve tissue. The nerves of people suffering 

from this disease stain yellowish brown with cresyl violet dye and hence the 

name. Symptoms are absence of myelin, psychological disturbances and 

mental retardation. 

 

Several Factors Causes Accumulation of Lipid in Liver: 
1. Raised plasma free fatty acid level. When there is a mobilization of fat from 

adipose and extrahepatic tissues plasma free fatty acid level increases. Liver 

takes up increasing amounts of fatty acids and esterifies them. Hence rate of 

triglyceride synthesis is more. However, the synthesis of VLDL occurs only at 

normal rate. As a result triglycerides accumulate and cause fatty liver. The 

plasma free fatty acid level is elevated in: 

(a) starvation ; (b) diabetes ; (c) high fat diet ; (d) carnitine deficiency. 

Hence, in these conditions fatty liver occurs. 

2. Metabolic block in the production of lipoproteins. Block in VLDL 

formation causes fatty liver even though the rate of triglyceride synthesis is 

normal because VLDL transports triglyceride from liver to extra hepatic 

tissues.  

3. Toxic substances.    
 Several hepato toxic agents like carbon tetrachloride, chloroform, 

phosphorus, lead, arsenic,alcohol and orotic acid causes fatty liver. 

 

 Lipotropic factors. Are compounds that relieve or prevent excess 

accumulation of lipids in the liver. They are choline, methionine and betaine. 

These lipotropic factors cure fatty liver. Choline deficiency may result from 

impaired transmethylation reactions associated with methionine catabolism. 

Choline deficiency leads to block in choline dependent phospholipid 

biosynthesis. This in turn impairs formation of membranes needed for 

lipoprotein synthesis. Thus choline deficiency results in block in VLDL 



formation and causes accumulation of fat in liver. Choline deficiency may 

impairs carnitine biosynthesis also. 

Other noteworthy lipotropic factors are PUFA, vit.E, pyridoxine and 

pantothenic acid. The deficiency of any one of these substances causes fatty 

liver. However, they cannot prevent occurrence of fatty liver due to choline 

deficiency. 

 

Medical Importance: 
Effect of fatty liver When accumulation of lipid in liver becomes chronic fibrotic 

changes takes place in hepatocytes, which progress to cirrhosis and finally impaired 

liver function. 

 


