Chemistry, Synthesis And  Functions of Lipoproteins (LDL, VLDL, Chylomicrons)
Learning Objectives:


By the end of this Lecture the student should be able to:   

· Describe the Generalized Structure of Plasma Lipoprotein.

· Categorize different types of Lipoproteins. 

· Composition of Lipoproteins in plasma of human.

· The role of VLDL in transport of endogenous Lipids.

· The synthesis & role of LDL in cholesterol transport.

· Role of chylomicrons and chylomicron remnants in transports of dietry Lipids.   
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Overview
· Fats absorbed from diet and Lipids synthesized by Liver and adipose tissues must be transported between the various tissues and organs for utilization and storage. 
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Since Lipids are insoluble in water, the problem of how to transport them in the aqueous blood plasma is solved by associating non polar Lipids (triacylglycerol and cholesterol esters ) with amphipathic Lipids ( Phospholipids and cholesterol ) and proteins to make water- miscible Lipoproteins.
·     In human, excess calories are ingested in the anabolic phase of the feeding cycle, followed by a period of negative caloric balance, when the organism draws upon its Carbohydrate and fat stores. 

· Lipoproteins mediate this cycle by transporting Lipids from the Intestine as chylomicrons – and from the liver as very Low  density Lipoproteins ( VLDL )- to most tissues for oxidation and to adipose tissue for storage.

· Lipid is mobilized from adipose tissue as free fatty acid (FFA) attached to serum albumin.
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Lipoproteins
· Lipoproteins Consist of a Non- polar Core & a Single Surface Layer of Amphipathic Lipids.

·  Non polar Lipid Core consists of mainly tiracylglycerol and Cholesteryl ester and is surrounded by a single surface Layer of amphipathic phospholipids and cholerterol molecules.  

· These are oriented so that their polar groups face out ward to the aqueous medium, as in cell membrane. 
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Apolipoprotein
· The protein moiety of a Lipoprotein is known as apolipoprotein or apoprotein, constituting nearly 70% of some HDL and as little as 1% of chylomicrons. 

· Some apolipoproteins are integral and can not be removed, where as others are free to transfer to other Lipoprotiens.
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 Four Major Lipid CLasses are Present in Lipoproteins :

Plasma Lipid Consist of:

· Triacylglycerol (16%),

· Phosholipids (30%), 

· Cholesterol (14%) and 

· Cholesterol esters (36%) and 

· Much smaller fraction of unesterified long chain fatty

Acids (free fatty acids) is metabolically the most active of plasma lipids.
[image: image6.jpg]Cholestert s groduced by the e and,
s s

-

Ot



Four Major Group of Plasma Lipoproteins Have Been Identified :
· Because fat is less dense than water, the density of a Lipoprotein decreases as the proportion of Lipid to protein increases.

· For major group of Lipoproteins have been identified that are important physiologically and in clinical diagnosis
(1) Chylomicron, derived from intestinal absorption of triacylglycerol and other Lipids,
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(2) Very low density Lipoprotiens (VLDL, or pre -B- Lipoprotein), derived from the Liver for the export of triacylglycerol, 

(3) Low – density Lipoproteins (LDL, or B-Lipoproteins), representing a final stage in the catabolism of VLDL, and

 (4) High density Lipoproteins (HDL, or X-Lipoproteins), involved in cholesterol transport and also in VLDL and chylomicron metabolism.

· Triacylglycerol is the predominant Lipid in chylomicrons and VLDL, where as cholesterol and phospholipid are the predominant Lipids in LDL and HDL respectively.

·  Lipoproteins may be separated according to their electrophoretic properties into:

·  α-, 

· β-, and 

· pre -β- Lipoproteins.
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Composition of the Lipoproteins in plasma of humans.

	Lipoprotein
	Source
	Diameter (nm)
	Density (g/mL)
	Composition
	Main Lipid Components
	Apolipoproteins

	
	
	
	
	Protein (%)
	Lipid 

(%)
	
	

	Chylomicrons
	Intestine
	90-1000
	< 0.95
	1-2
	98-99
	Triacylglycerol
	A-l, A-ll,A-lV,1 B-48, C-l, C-ll, C-lll, E

	Chylomicrons remnants
	Chylomicrons
	45-150
	< 1.006
	6-8
	92-94
	Triacylglycerol, Phospholipids, Cholesterol
	B-48, E

	VLDL
	Liver (Intestine)
	30-90
	0.95-1.006
	7-10
	90-93
	Triacylglycerol, 
	B-100, C-l, C-ll, C-lll

	IDL
	VLDL
	25-35
	1.006-1.019
	11
	89
	Triacylglycerol, Cholesterol
	B-100, E

	LDL
	VLDL
	20-25
	1.019-1.063
	21
	79
	Cholesterol
	B-100
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The Distribution of Apo lipoprotein Characterizes the Lipoproteins

· One or more Apolipoproteins are present in each Lipoprotein.

· main apolipoprotein of LDL (B- Lipoprotein) is apolipoprotein B (B-100), which is also found in VLDL.

· Chylomicrons contain a  truncated form of apo B(B-48) that is synthesized in the intestine, while B-100 is synthesized in Liver.  

· Apo B-100 is one of the longest single poly peptide chains known, having 4536 amino acids. Apo B-48 (48%of B- 100) is formed from the same mRNA as apo B-100 after the introduction of a stop signal by an RNA editing enzyme. 

· Apo C-1, C-II, and C-III are smaller poly peptides freely transferable between several different Lipoproteins.

·  Apo  E is found in VLDL,HDL, chylomicrons, and chylomicron remnants, it accounts for 5-10% of total VLDL apolipoproteins in normal subjects.
               Apolipoproteins carry out several roles:
 (1) they can form the part of structure of Lipoproteins, e,g apo B, 
(2) They are enzyme of cofactors, e.g C-II for Lipoprotein Lipase, A-I for

Lecithtin cholesterol acyl transferase or enzyme inhibitors, e.g
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apo A-II and apo C-III for Lipoprotein Lipase, apo c-I for

cholesteryl  ester transfer proteins and
 (3) they act as Ligands for interaction with Lipoprotein receptors in tissues, e.g apoB-100 and apo E for the LDL receptors, apo E for the LDL 

receptor– related protein (LRP) which has been identified as

the remnant receptor, and apo A-1 for the HDL receptor. The

function of Apo A-IV and apo D, however, are not yet clearly

defined, although apo D, is believed to be an important factor in

human neurodegenerative disorders.
Lipoprotein Metabolism : “Chylomicron”
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1, Synthesis of Chylomicrons 

·   Following absorption in intestine, the dietary Lipids are incorporated in chylomicrons. 
·  Since chylomecrons carry lipids

· (mainly triacyglycerol) of dietary origin, they are synthesized and appear in circulation only after a meal rich in facts.

· Their contents of triacylglycerol, cheloesterol,

· phospholipids and fat- soluble vitamins reflect the lipid

· composition of the preceding meal. 
· These lipid components are assembled in the SER and golgi appparatus of the mucosal cells. 
·  Then the apo lipoproteins (B-48 and A-apolipoprotein)

· synthesized in RER are also incorporated.
·  The particles so formed, called nascent chylomicrons, are exocytosed into the lacteals of the intestinal villi. from these lymph vessels (ie

· lacteals) the nascent chylomicrons reach the general

· circulation via the thoracic duct.

Metabolism:
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E, apolipoprotein E; HDL, high-density lipoprotein; TG, triacylglycerol; C, cholesterol and cholesteryl ester;
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            Initially as the chylomicrons are synthesized by intestinal cells they contain only apo B-48 and apo A.
·  But upon entering the circulation the nascent particles acquire apo C-ll and apo E from plasma HDL to form mature chylomicrons. 
· The apo C-ll allow the mature particles to activate the enzyme Lipo-proteinLipase.

·             In the peripheral tissue such as muscles and adipose tissue the activated LPL causes hydrolysis of about 80-90% ofthe chylomicron triacylglycerols.

· This is accompanied by the transfer of most of the A and C-apolipoproteins to HDL. 
· These changes convert the chylomicrons into a smaller particles,known as chylomicron remnant.The fatty acids released from the hydrolyzed triacylglycerols enter muscle and adipose tissue cells, and the glycerol part enters the Liver where it is used for synthesis of TAG.
 Fate of Chyolomicron remnants:
· The chylomicron remnants formed by off loading of  triacylglycerol are finally removed from blood circulation by Liver. 
· They bind to Lipoprotein receptors on the surface of hepatocytes. This binding requires apo E. 
· After binding to these receptors the whole remnant particle is taken by hepatocyte (ie endocytosis). 
· Intracellularly endocytosed vesicles are carried tolysosomes where they are degraded to relase the constituents.  
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