

    

        


        
        
                        
                
            
                    


        
            	
                    dariahiddleston
                
	
                    
                        Home
                    
                
	
                    
                        Comments
                    
                


        


        
    
    

    
        
            
                
                    
                                                    
    
        

        


        
            Biochem_lipids April 09, 2013 2.4 LIPIDS Triglycerides, Phospholipids, Steroids Triglycerides are generally very large, non-polar molecules that are insoluble in water. A triglyceride is formed by the condensation reaction between three fatty acid molecules (carboxylic acids with very long hydrocarbon chains) and one glycerol molecule. It therefore contains three ester linkages. A phospholipid molecule has a hydrophilic (polar) head that consists of a phosphate group and hydrophobic (or lipophilic) tail made up of two long hydrocarbon chains. In a membrane, twin layers (a bilayer) of phospholipids form, with the non- polar tails lining up against one another, forming a membrane with hydrophilic heads on both sides facing the aqueous surroundings. Cholesterol is a sterol, an alcohol with a fused ring system. This substructure is also found in steroid hormones such as testosterone and progesterone Since cholesterol is insoluble in blood, it is transported in the circulatory system within lipoproteins. There is a large range of lipoproteins within blood, of which two are low density lipoprotein (LDL) and high density lipoprotein (HDL). There is no difference between the chemical composition of the cholesterol that is carried by the various lipoproteins; however, HDL molecules are smaller and denser than LDL molecules due to the larger proportion of protein (with a higher molecular mass than cholesterol) in HDL. The LDL molecules contain much more cholesterol than HDL molecules. 
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 2.4 LIPIDS
 Triglycerides,
 Phospholipids,
 SteroidsTriglycerides are generally very large, non-polar molecules that are insoluble in water. A triglyceride is formed by the condensation reaction between three fatty acid molecules (carboxylic acids with very long hydrocarbon chains) and one glycerol molecule. It therefore contains three ester linkages.
 A phospholipid molecule has a hydrophilic (polar) head that consists of a phosphate group and hydrophobic (or lipophilic) tail made up of two long hydrocarbon chains. In a membrane, twin layers (a bilayer) of phospholipids form, with the non- polar tails lining up against one another, forming a membrane with hydrophilic heads on both sides facing the aqueous surroundings.
 Cholesterol is a sterol, an alcohol with a fused ring system. This substructure is also found in steroid hormones such as testosterone and progesterone
 Since cholesterol is insoluble in blood, it is transported in the circulatory system within lipoproteins. There is a large range of lipoproteins within blood, of which two are low density lipoprotein (LDL) and high density lipoprotein (HDL). There is no difference between the chemical composition of the cholesterol that is carried by the various lipoproteins; however, HDL molecules are smaller and denser than LDL molecules due to the larger proportion of protein (with a higher molecular mass than cholesterol) in HDL. The LDL molecules contain much more cholesterol than HDL molecules.
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 LDL promotes the narrowing of arteries (atherosclerosis) by accumulating beneath the inner elastic wall of the artery and the smooth muscle surrounding it. This disease process leads to heart attack, stroke and other diseases caused by the blockage of large peripheral arteries. As a result, cholesterol bound up in LDL is known as ‘bad cholesterol’.
 On the other hand, it is hypothesized that high concentrations of HDL can remove cholesterol from cells and reduce atherosclerosis by removing cholesterol from blockages within arteries and transport it back to the liver for excretion or re-utilization. For this reason HDL-bound cholesterol is sometimes called ‘good cholesterol’.
 Triglycerides are usually classified according to the type of fatty acids involvedin their formation, although a triglyceride does not have to be composed of three identical fatty acids. We find that most naturally occurring fats contain a mixture of saturated, mono- unsaturated and polyunsaturated fatty acids so they are classified according to the predominant type of unsaturation present.
 Saturated fatty acids, like other saturated hydrocarbons, have a hydrocarbon chain that contains no carbon–carbon double bonds. Mono-unsaturated fatty acids have one carbon–carbon double bond and polyunsaturated fatty acids have more than one carbon–carbon double bond in the hydrocarbon chain.
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 Unsaturation in fatty acid leads to ‘kinks’ in the chain. The unsaturated molecules therefore do not pack closely together. This leads to weaker van der Waals’ forces between the chains and a lower melting point. Generally we classify fats as triglycerides that are solid at room temperature, and oils as those that are liquids at room temperature. Oils are more likely to contain a large number of carbon–carbon double bonds, so their molecules do not pack together as well as those with no carbon–carbon double bonds, thus explaining their lower melting point.
 Two important fatty acids are linoleic acid, C18H32O2, and linolenic acid, C18H30O2.
 These fatty acids are essential fatty acids; they are essential in the diet of all mammals. Linoleic acid is an omega-6 fatty acid, while linolenic acid is an omega-3 fatty acid. Notice that their structures are very similar, only differing by one carbon–carbon double bond and the consequent reduction in number of hydrogen atoms. These two substances work together in the body to promote health.
 Linoleic acid is used in the biosynthesis of prostaglandins, while linolenic acid is converted into two other omega-3 fatty acids: eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) both of which have much more use in the body than linolenic acid itself. Omega-3 fatty acids such as linolenic acid, EPA and DHA help reduce inflammation, while most omega-6 fatty acids including linoleic acid tend to promote inflammation. An inappropriate balance of these essential fatty acids contributes to the development of disease, while a proper balance helps to maintain and even improve health. A healthy diet should consist of roughly two to four times more omega-6 fatty acids than omega-3 fatty acids.
 Example:
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 Like proteins and polysaccharides, triglycerides undergo enzyme-catalysed hydrolysis during digestion. Unfortunately, triglycerides do not dissolve in water, so they are not easily broken down by fat-digesting enzymes (lipase) in the watery content of the gastrointestinal tract. Thus fats tend to take longer to digest than carbohydrates or proteins.
 Digestion of fats occurs in the small intestine. In the duodenum (the upper part of the small intestine), bile, produced in the liver but stored in the gallbladder, enters via the bile duct. Bile emulsifies fats, dispersing them into small droplets which then become suspended in the alkaline contents of the digestive tract. This process of emulsification allows the enzyme lipase, which enters the duodenum from the pancreas, to gain easier access to the fat molecules and thus accelerates their breakdown and digestion. Lipase catalyses the hydrolysis of the triglycerides into glycerol and fatty acids.
 When the formulas of fatty acids and carbohydrates are compared, it is found that there is a greater proportion of oxygen atoms in the carbohydrates than in fatty acids—their degree of oxidation is greater. Therefore the fatty acids have greater potential for oxidation and the subsequent release of energy. The combustion reactions of a fatty acid and a carbohydrate of similar molar mass can be compared to illustrate this difference.
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 In summary, we can explain the higher energy content of fats than in carbohydrates as being the result of more energy being released in bond making in products than is required for bond breaking in reactants. This can be traced to the smaller number of hydroxyl groups in a fatty acid than in a carbohydrate and to the larger amount of oxygen required to oxidize a fatty acid than a carbohydrate.
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 2.5 MICRONUTRIENTS AND MACRONUTRIENTS
 Proteins, fats and carbohydrates are all classed as macronutrients, they make up more than 0.005% of our body weight. Included in this class are minerals such as sodium, potassium (needed for healthy nerve function), magnesium, potassium, phosphorus, sulfur and chlorine.
 Many other substances are needed in our diet but in much smaller amounts. These are known as micronutrients. Only milligrams or even micrograms of these are needed, but they are still essential as they function as co-factors of enzymes, and so are vital to digestion and other important bodily processes. Micronutrients include vitamins and trace minerals such as iron, copper, fluorine, zinc, iodine, selenium, manganese, molybdenum, chromium, cobalt and boron. Micronutrients make up less than 0.005% of our body weight.
 Vitamins are chemicals that are vital to the normal functioning of an animal’s metabolism and that the animal cannot synthesize itself. Vitamins often function as co-factors of enzymes. The ability of vitamins to be transported and stored in the essentially aqueous environment of the body is important, so vitamins are classified as either fat-soluble or water-soluble.
 Water-soluble vitamins have more hydroxyl groups than fat-soluble vitamins. These polar hydroxyl groups form hydrogen bonds with water and so enable the vitamins to dissolve in blood and other aqueous environments in the body. Fat-soluble vitamins have few hydroxyl groups and instead can dissolve in non-polar (fatty) environments due to van der Waals’ forces between the long non-polar chains in the fat-soluble vitamins and the non-polar fatty acids.
 Water-soluble vitamins include vitamins B and C (ascorbic acid), while the fat- soluble vitamins are vitamins A (retinol), D (calciferol), E and K.
 Water-soluble vitamins are excreted by the body if they are not used, so these must be consumed as a regular part of the diet.
 Fat-soluble vitamins can build up in the fatty (adipose) tissues of the body. This has both positive and negative effects. A supply of vitamins A, D, E or K present in the body can compensate for a diet that becomes deficient in these vitamins, while excessive consumption of these vitamins may result in hypervitaminosis.
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 Vitamin A (retinol) is derived from carotene. It can exist as an aldehyde (retinal), or as an acid (retinoic acid). It is required for the production of rhodopsin, which is the light sensitive material in the rods of the retina. Deficiency symptoms include night blindness, excess skin dryness and a lack of mucous membrane secretions. It is estimated that nearly 3 million preschool children in developing countries are blind because of a deficiency of vitamin A.
 Vitamin C (ascorbic acid) is used in the formation and maintenance of collagen. It plays a major role in the formation of bones and teeth, and enhances the absorption of iron from vegetables. Deficiency symptoms include the disease known as scurvy—the bleeding and weakening of gums, tooth decay and the loss of teeth. Scurvy was at one time common among sailors aboard ships at sea for long periods of time.
 Vitamin D (calciferol) is needed for normal bone formation and the retention of calcium and phosphorus in the body. It protects teeth and bones against the effects of a low calcium intake. Deficiency symptoms include rickets, which is a deformity of the ribcage and skull, as well as causing bowlegs. Excessive vitamin D consumption can cause excessive absorption of calcium and phosphorus and the formation of calcium deposits on major organs.
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