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Biosynthesis of Triacylglycerides (TG) in liver                                  

 

 

Mobilization of stored fat and oxidation of fatty acids 

 

Activation of hormone sensitive lipase 

This enzyme is activated when phosphorylated (3,5 cyclic AMP-

dependent protein kinase). This enzyme is produced in the adipose 
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tissue when one of several hormones (principally: epinephrine) binds to 

the receptor on the cell membrane and activate adenylate cyclase 

When the plasma level of insulin is high,this will lead inactivation of this 

enzyme (dephosphorylated). 

Fate of glycerol 

The glycerol that released can not be metabolized by adipocytes 

because they lack (glycerol kinase) 

 

Fatty acid (F.A) 

Fatty acids are carboxylic acids with hydrocarbon chains ranging from 4 

to 36 carbons long (C4 to C36). In some fatty acids, this chain is 

unbranched and fully saturated (without double bonds); in others the 

chain contains one or more double bonds (unsaturated fatty acids).  

Fatty acids fill two major roles in the body: 

1. As the components of more complex membrane lipids.  

2. As the major components of stored fat in the form of triacylglycerols. 
Classification of Fatty Acids : 

1- Depending on the Total Number of Carbon Atoms : 

         a. Even chain , having carbon atoms 2, 4, 6, and similar series. 

Most of the naturally occurring lipids contain even chain fatty 

acids. 

         b. Odd chain, having carbon atoms 3,5,7 …etc. Odd numbered 

fatty acid are seen in microbial cell walls. They are also present 

in milk. 
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2- Depending on the Length of Hydrocarbon Chain 

a. Short chain with 2 to 6 carbon atoms  :   

        b. Medium chain with 8 to 14 carbon atoms  :  

        c. Long chain and very long chain f. a. with 16 and above, usually 

to 24 carbon atoms. 

3- Depending on the Nature of Hydrocarbon Chain 

         a. Saturated fatty acids       

         b. Unsaturated which may be classified into : Mono-unsaturated 

( mono-enoic) having single double bond or Poly-unsaturated 

(poly-enoic) with two or more double bonds ;    

         c. Branched chain fatty acids.          

Saturated fatty acids: 

They have the general structural formula CH3 – ( CH2 )n – COOH. They 

are named by adding the suffix “anoic” after the hydrocarbon with the 

same number of carbon atoms. Each animal species will have 

characteristic pattern of fatty acid composition, e.g. human body fat 

contains 50% oleic acid , 25% palmitic acid , 10% linoleic and 5% stearic 

acid. The carbon atoms of fatty acids are numbered starting from the –

COOH group. Alternatively, starting from the methyl end , the carbon 

atom may be numbered omega – 1 , 2 , 3 , etc. 

 

                    6          5        4          3          2         1 

                   CH3 – CH2 – CH2 – CH2 – CH2 – COOH 

                    ώ1     ώ2       ώ3       ώ4      ώ5      ώ6 

Unsaturated fatty acids: 

They are otherwise named by adding the suffix “enoic” after the 

systematic name. They are similar to saturated fatty acids in the reaction 

of the carboxyl group but also show properties due to presence of the 

double bond.  

In nearly all naturally occurring unsaturated fatty acids, the double bonds 

are in the cis- configuration mean groups around double bond lie on 

the same side while,Trans-configuration  mean groups around double 

bond are on the opposite side. 
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e.g.: 18 C fatty acid with one double bond between carbon 9 and 10  

                 Cis- form ( Oleic )                 Trans – form ( Elaidic ) 

 Similarly, the poly unsaturated fatty acids (PUFA) exist in cis- 

configuration in naturally occurring lipids. In hardened fat, trans fatty 

acids may be present. Unsaturated fatty acids are also designated as  

ώ 3 family – linolenic acid 

ώ 6 family – linoleic and arachidonic acid 

ώ 9 family – Oleic acid 

General properties of Fatty Acids: 

1. Hydrogenation : Unsaturated fatty acid may be converted to the 

corresponding saturated fatty acids by hydrogenation of the double 

bond.  Hydrogenation of oils can lead to solidification and 

saturation. 

(+) 2H
+
                       (+) 2H

+
                  (+) 2H

+
 

     Linolenic    ------------› Linoleic  -------------› Oleic  ------------› 

Stearic acid 

2. Halogenations :When treated with halogens under mild 

conditions, the unsaturated fatty acids can taken up two halogen 

atoms, at each double bond to form the halogenated derivatives of 

the fatty acids 

Oleic acid    + I2 -----------› Di-iodo oleic acid 

         The number of halogen atoms taken up will depends on the number 

of double bonds   and is an index of the degree of unsaturation.  

3. Melting Points : The short and medium chain fatty acids are 

liquids, whereas long chain fatty acids are solids at 25 
o
C. The high 

melting point is due to the close packing of the straight chain fatty 

acid molecules. The solubility in water decreases, while melting 

and boiling points increase, with increase in chain length.  

The unsaturated fatty acids have lower melting point compared to 

saturated fatty acids with the same number of carbon atoms 

because of the more loose packing of the cis- fatty acid molecule. 

4. Salt formation : Saturated and unsaturated fatty acids form salts 

with alkali (NaOH or KOH ) forming sodium and potassium salts ( 

Soaps). 
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5. Ester formation: Both types of fatty acids form esters with 

alcohols, especially with glycerol. Fatty acids can form mono- , di- 

and tri- esters with alcohol groups of glycerol (Triacyl glycerol or 

triglycerides) and are also known as neutral fat. 

6. Oxidation of fatty acids : All fatty acids undergo oxidation in the 

body to give energy. β-oxidation is the major process by which  

acids are oxidized in mitochondria forming different types of 

intermediates and reducing powers which are leads to energy 

production by different metabolic pathways. 

7. Reduction of fatty acids: 

Fatty acids can be reduced to fatty aldehydes, fatty alcohols 

and hydrocarbons. 

  

Fate of fatty acids: 

Free F.A (unesterfied) bind to albumin in the plasma and transported to 

tissue for oxidation 

Activation of Fatty Acids 

this step occurs on the outer mitochondrial membrane). 

Transport into Mitochondrial Matrix 

Carnitine carries long-chain activated fatty acids into the mitochondrial 

matrix.  
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Oxidation of F.A (beta β-oxidation) 

-it is the major pathway for catabolism of saturated F.A 

-It is mitochondrial pathway by which 2 carbon atom are removed from 

starting F.A 

-It involves four steps: 

 

1-formation of unsaturated acyl COA (1. oxidation to 

trans-∆2-Enoly-CoA) 
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2- formation of β-hydroxy acyl COA (Hydration to L–3–

Hydroxylacyl CoA) 

 
 

3-formation of β-ketoacyl –COA (Oxidation to3–Ketoacyl CoA) 
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4- thiolytic cleavage of acetyl COA (Thiolysis to produce Acetyl–

CoA) 

Each round in fatty acid degradation involves four reactions 

The process repeats itself 
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Energy yield of β-oxidation:     

We will take palmitic acid as an example: 

The complete oxidation of the sixteen carbon palmitoyl–CoA produces 

 

 

7 FADH2 × 2 ATP=  14 ATP 

7NADH × 3 ATP=21 ATP 

Therefor, β-oxidation   yields the equivalent of 35 ATPs  per 

molecule of palmitic acid. 8 Acetyl COA are released, each acetyl 

COA when oxized by C.A.C yeild 

 3 NADH,1 FAD directly and 1 GTP directly for a total 12 ATPs. Thus, the 

ATPs produced are : 

35+8×12=35+96=131 

2 ATP were used to activation the F.A, leading to total energy yield of 

129 ATPS , over 3 times the amount of energy obtained from 

metabolizing a single molecule of glucose. 
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Medium chain acyl COA dehydrogenase enzyme deficiency: 

This will lead to accumulation of medium chain acyl COA due to a 

decrease in β oxidation, and also lead to sever hypoglycemia. In cases up 

to 10% it caused (sudden Infant Death Syndrome) SIDS 

 

Genetic defect of carintine 

1-Congential absence of carnitine acyl COA transferase enzyme in 

skeletal muscle 

2-low Conc. of carnitine due to defect in synthesis 

 

Deficiencies of carnitine or carnitine enzymes lead to accumulation of 

T.G in the muscle and to muscle cramping 

 


