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Lipoprotein Metabolism and Their Clinical Disorders  

     Because lipids are hydrophobic and essentially insoluble in the water 

of the blood, cholesterol, cholesterol esters, TGs and phospholipids, must 

be transported through the bloodstream packaged as lipoproteins. These 

macromolecules are water-soluble. Each lipoprotein particle is composed 

of a core of hydrophobic lipids such as cholesterol esters and TGs 

surrounded by a shell of polar lipids (the phospholipids), which allows a 

hydration shell to form around the lipoprotein. This occurs when the 

positive charge of the nitrogen atom of the phospholipid 

(phosphatidylcholine, phosphatidylethanolamine, or phosphatidylserine) 

forms an ionic bond with the negatively charged hydroxyl ion of the 

environment. In addition, the shell contains a variety of apoproteins that 

also increase the water solubility of the lipoprotein. Free cholesterol 

molecules are dispersed throughout the lipoprotein shell to stabilize it in a 

way that allows it to maintain its spherical shape. The major carriers of 

lipids are chylomicrons, VLDL, and HDL. Metabolism of VLDL will 

lead to IDL and LDL. Metabolism of chylomicrons leads to chylomicron 

remnant formation. 

 

 
 

    Through this carrier mechanism, lipids leave their tissue of origin, 

enter the blood stream, and are transported to the tissues, where their 

components will be either used in synthetic or oxidative process or stored 

for later use. The apoproteins not only (1) add structural stability of the 

particle but have other functions as well: (2) they activate certain 

enzymes required for normal lipoprotein metabolism and (3) they act as 

ligands on the surface of the lipoprotein that target specific receptors on 

peripheral tissues. 

 

 

 



Therefore, lipoproteins are considered to fall into four major classes 

as indicated by protein electrophoresis: 

1. Chylomicrons (the least dense form) 

2. VLDL (very low density lipoproteins) 

3. LDL (low density lipoproteins 

4. HDL (high density lipoproteins) 

     In addition, there are two minor classes: IDL (intermediate density 

lipoproteins, which are intermediate between VLDL and LDL), and 

chylomicron remnants, which are the residual protein and lipid after the 

completion of TG extraction from chylomicrons.   

    Lipoproteins classes differ in the relative amounts of lipid and the 

protein they contain. As the lipid:protein ratio decreases, particles 

become smaller and more dense in the following order:  Chylomicron> 

VLDL > LDL > HDL. 

 Whereas, the following table indicate protein content of various 

lipoprotein particles: 
Lipoprotein 

particle 

Chylomicron VLDL IDL LDL HDL2 HDL3 

% Protein 

content 

1-2 7-10 10-12 20-22 33-35 55-57 

 

Apolipoproteins or apoproteins: 

    The proteins present in lipoproteins are called apolipoproteins or 

simply apoproteins. (The prefix “apo-” means without, with 

apolipoprotein referring to the protein without the lipid). Ten principal 

apoproteins have been characterized. The apoproteins play a major role 

1. in the regulation of cellular interactions with the lipoproteins(ligands).   

2. apoproteins are permanent parts of the particles(structural);  

3. others are capable of transferring from one lipoprotein to another.  

 Apoproteins interact with cell surface receptors to allow transport of 

lipids into cells. In addition, some of the 4. apoproteins modulate (either 

activate or inhibit) enzyme activities related to lipids, and assist in the 

transfer of the lipids from one lipoprotein to another, or from the 

lipoprotein to the cell. 

         Apoproteins are classified by structure and function into classes from 

A to H, with most classes having subclasses. The Apo-A forms are found 

in chylomicrons and HDL. The Apo-C forms (especially Apo-C-II) and 

Apo-E are found in HDL, VLDL, and chylomicrons; these apoproteins 

are released as part of HDL, and are transferred to VLDL and 

chylomicrons while in circulation. Apo-B-100 is found in VLDL and 

LDL, while Apo B-48 is found in chylomicrons. (e.g. Apo-AI activate 

lecithin cholesterol acyl transferase LCAT, which esterifies tissue 



cholesterol picked up by HDL ; Apo B-48 is required for secretion of 

chylomicrons from intestinal mucosa into the lymphatics and from there 

into the peripheral circulation. 

        The following table indicates the characteristics of the major apoproteins.  

 

Chylomicrons: 

    Chylomicrons are assembled in the intestinal mucosa as a means to 

transport dietary cholesterol and TGs to the rest of the body. 

Chylomicrons are, therefore, the molecules formed to mobilize dietary 

exogenous lipids. The predominant lipids of chylomicrons are TGs 

(which contain long chain fatty acids). The apolipoproteins that 

predominate before the chylomicrons enter the circulation include apoB-

48 and apoA-I, -A-II and IV. ApoB-48 combines only with 

chylomicrons (see the figure below which indicate the Molecular 

structure of a chylomicron. The surface is a layer of phospholipids, 

with head groups facing the aqueous phase. Triacylglycerols sequestered 

in the interior (yellow) make up more than 80% of the mass. Several 

apolipoproteins that protrude from the surface (B-48, C-III, C-II) act as 

signals in the uptake and metabolism of chylomicron contents.  



 

    Nascent chylomicrons formed in the intestinal mucosa are secreted 

into the lymphatic system and enter the circulation at the left subclavian 

vein through the thoracic duct. In the bloodstream, chylomicrons acquire 

apoC-II and apoE from plasma HDLs. In the capillaries of adipose 

tissue and muscle, the fatty acids of chylomicrons are removed from the 

TG by the action of lipoprotein lipase (LPL), which is found on the 

surface of the endothelial cells of the capillaries. The apoC-II in the 

chylomicrons activates LPL in the presence of phospholipids and returns 

to HDL. The free fatty acids are then absorbed by the tissues and the 

glycerol backbone of the TG is returned, via the blood, to the liver and 

kidneys. Glycerol is converted to the glycolytic intermediate 

dihydroxyacetone phosphate (DHAP). During the removal of fatty 

acids, a substantial portion of phospholipid, apoA and apoC is 

transferred to HDLs. The loss of apoC-II prevents LPL from further 

degrading the chylomicron remnants.  

Chylomicron remnants: containing primarily cholesterol, apoE and apoB-

48 are then delivered to, and taken up by, the liver through interaction 

with the chylomicron remnant receptor. The recognition of 

chylomicron remnants by the hepatic remnant receptor requires apoE. 

Chylomicrons function to deliver dietary TG to adipose tissue and 

muscle and dietary cholesterol to the liver for bile acid biosynthesis 

and the excess amount is excreted in bile. The action of lipoprotein 

lipase depletes the chylomicron of TAG. Without Apo-C-II, the 

lipoprotein is no longer a substrate for lipase, and is called a 



chylomicron remnant. In contrast, the Apo-E remains with the remnant; 

Apo-E acts as the ligand for the chylomicron remnant receptor in liver. 

 

Lipoprotein Lipase: 

   Removal of fatty acids from chylomicrons and from VLDL requires 

lipoprotein lipase, an enzyme located on the capillary walls. Lipoprotein 

lipase requires Apo-CII and phospholipid as activators; VLDL and 

chylomicrons have Apo-C-II, allowing the lipoprotein lipase to hydrolyze 

the TG in these particles.  

 

Very Low Density Lipoprotein (VLDL): 

   The dietary intake of both fat and carbohydrate, in excess of the needs 

of the body, leads to their conversion into TGs in the liver. These TGs are 

packaged into VLDLs and released into the circulation for delivery to the 

various tissues (primarily muscle and adipose tissue) for storage or 

production of energy through oxidation. VLDLs are, therefore, the 

molecules formed to transport endogenously derived TGs to extra-

hepatic tissues. In addition to TGs, VLDLs contain some cholesterol and 

cholesteryl esters and the apoproteins, apo-B-100, apo-C-I, apo-C-II, apo-

C-III and apo-E. Like nascent chylomicrons, newly released VLDLs 

acquire apoCs and apoE from circulating HDLs.  

        The fatty acid portion of VLDLs is released to adipose tissue and 

muscle in the same way as for chylomicrons, through the action of 

lipoprotein lipase; glycerol is also released as mentioned above. The 

action of lipoprotein lipase coupled to a loss of certain apoproteins (the 

apo-Cs) converts VLDLs to intermediate density lipoproteins (IDLs), 

also termed VLDL remnants. The apo-Cs are transferred to HDLs. The 

predominant remaining proteins are apo-B-100 and apo-E. Further loss of 

TGs converts IDLs to LDLs. 



 

 

 

 

Figure: Fate of VLDL. 

VLDL triacylglycerol (TG) is degraded by LPL, forming IDL. IDL 

can either be endocytosed by the liver through a receptor-mediated 

process or further digested, mainly by hepatic triacylglycerol lipase 

(HTGL), to form LDL. LDL may be endocytosed by receptor-

mediated processes in the liver or in peripheral cells. LDL also may 

be oxidized and taken up by “scavenger” receptors on macrophages. 

The scavenger pathway plays a role in atherosclerosis. FA = fatty 

acids; Pi = inorganic phosphate. 

 

 

 

 

 

 

 

 

 

 

 



 


