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Lipid metabolism 

Energy yield of  β oxidation 

ofpalmitic acid: 

1- 7cleavages 

( 7 FADH2 x 2) 14 

(7NADH + H+ X 3)21 

Oxidation of FADH2 ----------------------2 ATPs 

Oxidation of NADH2----------------------3 ATPs 

35 ATPs 

2- 8 acetyl CoA oxidized by citric acid cycle 

8 x 12= 96 ATPs 

3- 2ATP for activation 

Total 131- 2= net ATP produce 129 ~=980 kcal /molpalmitic acid 

Net results of β-oxidation: 

Even number of F.A. 
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Long chain acyl CoA dehydrogenase oxidizes long chain in acyl CoA (12 to 

18) the medium chain acyl COA oxidizes medium chain acyl (4 t0 14) while 

short chain acyl COA dehydrogenase act only on 4  and 6- carbon acyl chain. 

 

Medium chain acyl COA degydrogenase enzyme deficiency 

This will lead to accumulation of medium chain acyl COA due to decrease in 

β-oxidation of and also lead to sever hypoglycemia.  Medium chain length 

acyl COA dehydrogenase deficiency found in approximately in 10.000 

births. It cause of up to  10% of cases of sudden infant death syndrome 

(SIDs). 

Oxidation of fatty acids with an odd number of carbons 
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α- oxidation of fatty acid (Branched-Chain Fatty Acids) 

An alternative to b-oxidation is required 

• Alpha –oxidation is a degradation process of branched chain F.A 

• Branched chain F.As with branches at odd-number carbons are not good 

substrates for -oxidation  

· α-oxidation is an alternative  

• Phytanic acid a-oxidase decarboxylates with oxidation at the alpha position 

B-oxidation occurs past the branch  
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Refsum’s disease 

Defective α-oxidation (lack the hydroxlating enzyme) leads to accumulation 

of large quantities of phytanic acid in the tissue and plasma. 

 

Fatty liver syndrome: 

Accumulation of fats and other lipids, the cause are: 

1-prolonged increase in the plasma level of F.A 

2- Impaired transport of lipids from the liver 

3-prolonged feeding of a high fat diet 

 

Biosynthesis of fatty acid 

-cytoplasmic pathway 

It is the major process 

• Occurs mainly in liver and adipocytes, in mammary glands during lactation 

• Occurs in cytoplasm 

• FA synthesis and degradation occur by two completely separate pathways  

• When glucose is plentiful, large amounts of acetyl CoA are produced by 

glycolysis and can be used for fatty acid synthesis 

 

Biosynthesis of F.A 

-Extramitochonderial (major) 

-mitochonderial (elongation of F.A) 

-microsomal (elongation) 
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Extramitochonderial (cytoplasmic) 

 

Q/ what are the difference between oxidation of F.A and their 

biosynthesis? 

 

Regulation of F.A biosynthesis 

1-short-term regulation of acetyl COA carboxylase 

-Citrate
+
        activation of enzyme (acetyl COA carboxylase) 

insulin+activation of  enzyme (increased F.A. synthesis) 

in the presence of insulin, the enzyme is dephosphrylated and then 

activated 

-malonyl COA and palmitoyl COA -inactive of this enzyme 

-Adrenaline (epinephrine)       -inactivated (reduction in F.A synthesis) 

2- long term regulation of acetyl COA carboxylae 

-prolonged consumption of high –carbohydrates or fat-free diets 
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Increase F.A synthesis 

-a high fat diet or fasting                decreasing enzyme synthesis (reduction in 

F.A synthesis) 

 

Energy utilized: 

1- 7ATP 

2- 14NADPH X 3= 42 ATP 

Total=49 ATP 

 

KETON BODIES (K.B) 

• Some of the acetyl-CoA produced by fatty acid oxidation in liver 

mitochondria is converted to acetone, acetoacetate and -hydroxybutyrate 

• These are called "ketone bodies" 

• Source of fuel for brain, heart and muscle  

• Major energy source for brain during starvation  

• Formation of ketone bodies occur in the liver, but the liver can not 

metabolize them (bodies) because it has not the ability to convert ketone 

bodies to acetyl COA 

 

Ketogenesis: is the formation of ketone bodies 

Ketosis: production of ketone bodies in excess of the ability of the body to 

use them 

Ketonuria: increased K.B in urine 
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Synthesis of ketone bodies  

 

 

 

Steps: 

-condensation of two acetyl COA-------acetoacetylCOA 

-acetoacetyl COA               acetyl COA 

-acetyl COA                HMG-COA 

-HMG-COA  cleavageacetoacetic acid 

-acetoacetic acid                acetone 

 

β-hydroxybutyric acid 

 

-HMG-COA reductase is the key for cholesterol synthesis 

 

-Utilization of K.B by the peripheral tissues 
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The liver actively produces K.Bs, but it can not use them as fuels, because it 

can reconvert acetoacetate ictoacetoacetyl COA 

Extrahepatic tissues. Including the brain, efficiently oxidize acetoacetate 

and 3-hydroxybutyrate. 

 

 

 


