
Lec. 5                                                       Lipid Metabolism 

Cholesterol Metabolism: 

Cholesterol is one of the most highly recognized molecules in human 

biology, in part because of a direct relationship between its 

concentrations in blood and tissues and the development of 

atherosclerotic vascular disease. Cholesterol, which is transported in the 

blood in lipoproteins because of its absolute insolubility in water, serves 

as a  

1- stabilizing component of cell membranes and  

2- as a precursor of the bile salts and steroid hormones. 

 3- Precursors of cholesterol are converted to ubiquinone, dolichol, and, 

in the skin, to cholecalciferol, the active form of vitamin D.  

4- As a major component of blood lipoproteins, cholesterol can appear 

in its free, unesterified form in the outer shell of these macromolecules 

and as cholesterol esters in the lipoprotein core. 

Both dietary cholesterol (500-700 mg/day) and that synthesized de 

novo are transported through the circulation in lipoprotein particles 

(chylomicrones, VLDL , LDL and HDL) in which cholesterol (free and 

esterified , the form in which cholesterol is stored in cells) combined with 

specific apo-proteins.  

    The synthesis and utilization of cholesterol must be tightly regulated in 

order to prevent over-accumulation and abnormal deposition within the 

body. Of particular importance clinically is the abnormal deposition of 

cholesterol and cholesterol-rich lipoproteins in the coronary arteries. Such 

deposition, eventually leading to atherosclerosis, is the leading 

contributory factor in diseases of the coronary arteries.  

 

Cholesterol structure , it composed perhydrocyclopentanophenanthrene      

nucleus with different methyl, aliphatic side chain and hydroxyl groups. 

 

http://web.indstate.edu/thcme/mwking/lipoproteins.html


Biosynthesis of Cholesterol: 

Slightly less than half of the cholesterol in the body derives from 

biosynthesis de novo (from the beginning) by virtually all tissues in 

humans, although liver, intestine, adrenal cortex, and reproductive tissues 

including ovaries, testes and placenta make the largest contributions to 

the body cholesterol pool. The liver plays a central role in the 

regulation of the body cholesterol balance which is a series of 

transport, biosynthetic, and regulatory mechanism. Biosynthesis in 

the liver accounts for approximately 10%, and in the intestines 

approximately 15%, of the amount produced each day. Cholesterol 

synthesis occurs in the cytoplasm and microsomes from the two-carbon 

acetate group of acetyl-CoA. It was estimated that nearly 50% of the 

daily cholesterol production is converted to bile acids and salts and 

secreted in bile. Most of this re-absorbed and re-used by way of entero-

hepatic circulation. About 0.5 – 1.0 g/day is used for the biosynthesis of 

steroid hormones (about 40 mg/day). A small part of cholesterol (about 

50 mg/day) in adult is excreted also from the surface of the skin.  

The process of cholesterol biosynthesis has five major steps: 

1. Three molecules of acetyl-CoA are condensed and converted to 3-

hydroxy-3-methyl-glutaryl-CoA (HMG-CoA). 

2. HMG-CoA reductase catalyzed the conversion of HMG-CoA to 

mevalonate is the rate –limiting step in cholesterol biosynthesis in 

which cholesterol act as an allosteric inhibitor of gene expression 

of the enzyme, provides rapid feedback control of cholesterol 

biosynthesis within cells and also affected by different statin 

drugs as competitive inhibitors with mevalonate for bindings to 

HMG-CoA reductase (e.g. lovastatin and mevastatin which are 

used to decease high plasma cholesterol levels). 

3. Mevalonate is converted in several enzymatic steps to the isoprene 

based molecule, isopentenyl pyrophosphate (IPP) and is the key 

five-carbon isoprenoid intermediate in cholesterol biosynthesis, 

with the concomitant loss of carbon dioxide. IPP is also precursors 

in the synthesis of coenzyme Q (ubiquinone) and dolichol , which 

function in the synthesis of carbohydrate side chains in 

glycoproteins and another important biomolecules such as vitamin 

E , K and carotinoids.                                                                                                                                                                      

4. Squalene, a 30-carbon molecule is formed by several condensation 

reactions involving isopentenyl ptrophosphate. 

5. Conversion of Squalene to cholesterol (a 27- carbon molecule) 

requires several reactions , some of them with unknown 



mechanism till now and involved the reducing equivalent NADPH  

and molecular oxygen ( mixed – oxygenase system).  

The other step in which cholesterol is excreted in bile or used to 

synthesize bile acids and salts (excess cholesterol in bile/or a deficiency 

of bile acids and salts may lead to gallstones ).  

 

Metabolic Pathway of Cholesterol Biosynthesis. 

Biosynthesis begins with the transport of acetyl-CoA from the 

mitochondrion to the cytosol. The rate limiting step occurs at the 3-

hydroxy-3-methylglutaryl-CoA (HMG-CoA) reducatase, HMGR 

catalyzed step. The phosphorylation reactions are required to solubilize 

the isoprenoid intermediates in the pathway. Intermediates in the pathway 

are used for the synthesis of prenylated proteins, dolichol, coenzyme Q 

and the side chain of heme a. 

    The acetyl-CoA utilized for cholesterol biosynthesis is derived from an 

oxidation reaction (e.g., fatty acids or pyruvate) in the mitochondria and 

is transported to the cytoplasm by the same process as that described for 

fatty acid synthesis (see the Figure below). Acetyl-CoA can also be 

derived from cytoplasmic oxidation of ethanol by acetyl-CoA synthetase. 

All the reduction reactions of cholesterol biosynthesis use NADPH as a 

cofactor. The isoprenoid intermediates of cholesterol biosynthesis can be 

diverted to other synthesis reactions, such as those for dolichol (used in 

the synthesis of N-linked glycoproteins, coenzyme Q (of the oxidative 
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phosphorylation) pathway or the side chain of heme a. Additionally, these 

intermediates are used in the lipid modification of some proteins. 

 

Pathway for the movement of acetyl-CoA units from within the mitochondrion to 

the cytoplasm ( citrate shuttle) for use in fatty acid and cholesterol biosynthesis. 

Note that the cytoplasmic malic enzyme catalyzed reaction generates NADPH 

which can be used for reductive biosynthetic reactions such as those of fatty acid 

and cholesterol synthesis. 

Regulating Cholesterol Biosynthesis : 

Cholesterol from both diet and synthesis is utilized in the formation 

of membranes and in the synthesis of the steroid hormones and bile acids 

(see below). The greatest proportion of cholesterol is used in bile acid 

synthesis (50%).  

    The cellular supply of cholesterol is maintained at a steady level by 

three distinct mechanisms:  

1. Regulation of HMGR activity and levels. 

2. Regulation of excess intracellular free cholesterol through the 

activity of acyl-CoA : cholesterol acyltransferase, ACAT. 

3. Regulation of plasma cholesterol levels via LDL receptor-mediated 

uptake and HDL-mediated reverse transport. 
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   Regulation of HMGR activity is the primary means for controlling the 

level of cholesterol biosynthesis. The enzyme is controlled by four 

distinct mechanisms:  

         A. Feed-back inhibition,  

         B. Control of gene expression,  

         C. Rate of enzyme degradation and  

         D. Phosphorylation-dephosphorylation. 

    The first three control mechanisms are exerted by cholesterol itself. 

Cholesterol acts as a feed-back inhibitor of pre-existing HMGR as well as 

inducing rapid degradation of the enzyme.  

    Regulation of HMGR through covalent modification occurs as a 

result of phosphorylation and dephosphorylation. The enzyme is most 

active in its unmodified form(dephosphorylated form). Phosphorylation 

of the enzyme decreases its activity. HMGR is phosphorylated by AMP-

activated protein kinase, AMPK (this is not the same as cAMP-

dependent protein kinase, PKA). AMPK itself is activated via 

phosphorylation. The phosphorylation of AMPK is catalyzed by one or 

more AMPK kinases (AMPKKs).   

    Since the intracellular level of cAMP is regulated by hormonal stimuli, 

regulation of cholesterol biosynthesis is hormonally controlled. Insulin 

leads to a decrease in cAMP, which in turn activates cholesterol 

synthesis. Alternatively, glucagon and epinephrine, which increase the 

level of cAMP, inhibit cholesterol synthesis.  

    The ability of insulin to stimulate, and glucagon to inhibit, HMGR 

activity is consistent with the effects of these hormones on other 

metabolic pathways. The basic function of these two hormones is to 

control the availability and delivery of energy to all cells of the body.  

     

      



 

 

The Utilization of Cholesterol : 

Cholesterol is transported in the plasma predominantly as cholesteryl 

esters associated with lipoproteins. Dietary cholesterol is transported 

from the small intestine to the liver within chylomicrons. Cholesterol 

synthesized by the liver, as well as any dietary cholesterol in the liver that 

exceeds hepatic needs, is transported in the serum within LDLs. The liver 

synthesizes VLDLs and these are converted to LDLs through the action 

of endothelial cell-associated lipoprotein lipase. Cholesterol found in 

plasma membranes can be extracted by HDLs and esterified by the HDL-

associated enzyme LCAT. The cholesterol acquired from peripheral 

tissues by HDLs can then be transferred to VLDLs and LDLs via the 

action of cholesteryl ester transfer protein (apo-D) which is associated 

with HDLs. Reverse cholesterol transport allows peripheral cholesterol to 

be returned to the liver in LDLs. Ultimately, cholesterol is excreted in the 

bile as free cholesterol or as bile salts following conversion to bile acids 

in the liver. Bile Acids Synthesis and Utilization : 

The ring structure of cholesterol cannot be metabolized to CO2 and water 

in humans. Rather, the intact sterol ring is eliminated from the body by:  

1. Conversion to bile acids, which are excreted in feces. 

2. Secretion of cholesterol into the bile, which transports it to the 

intestine for elimination. 
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    Bile salts are primarily used to emulsify fatty acids and 

monoacylglycerols and package them into micelles, along with fat-

soluble vitamins, phospholipids and cholesteryl esters, for re-absorption 

by villi in the small bowel. The end products of cholesterol utilization are 

the bile acids, synthesized in the liver (primary bile acid; cholic and 

chenodeoxycholic acid). Bile acids contain 24 carbons with two or three 

hydroxyl groups and a side chain that terminates in a carboxyl group. The 

-COOH has a pKa of about 6, and therefore is not fully ionized at 

physiologic pH. The bile acids are amphipathic in that all the -OH groups 

are in α- orientation (lie above the plane of the ring) and the methyl group 

are β- orientation (lie below the plane of the ring). Therefore, the 

molecules have both a polar and a non-polar faces and can acts as 

emulsifying agents in the intestine, helping to prepare dietary TG and 

other lipids for degradation by pancreatic digestive enzymes. 

     Synthesis of bile acids is one of the predominant mechanisms for the 

excretion of excess cholesterol. However, the excretion of cholesterol in 

the form of bile acids is insufficient to compensate for an excess dietary 

intake of cholesterol. 

 

Biosynthesis of the 2 primary bile acids, cholic acid and 

chenodeoxycholic acid. The reaction catalyzed by the 7α-hydroxylase is 

the rate-limiting step in bile acid synthesis which is ascorbate-

dependent enzyme and is inhibited by cholic acid. Conversion of 7α-

hydroxycholesterol to the bile acids requires several steps not shown in 

detail in this image. Only the relevant co-factors needed for the 

synthesis steps are shown. 



 

   The most abundant bile acids in human bile are chenodeoxycholic acid 

(45%) and cholic acid (31%). These are referred to as the primary bile 

acids. Within the intestines the primary bile acids are acted upon by 

bacteria and converted to the secondary bile acids, identified as 

deoxycholate (from cholate) and lithocholate (from chenodeoxycholate). 

Both primary and secondary bile acids are reabsorbed by the intestines 

and delivered back to the liver via the portal circulation. 

 

Structure of the conjugated cholic acids 

   Within the liver the carboxyl group of primary and secondary bile acids 

is conjugated via an amide bond to either glycine or taurine before their 

being re-secreted into the bile canaliculi. Taurine is an end product of 

cysteine catabolism. It is abundant in the retina and the CNS and is also 

found in the liver.  The ratio of the glycine to taurine forms in the bile is 

approximately (3:1) and are called bile salts. Bile salts are more 

effective detergents than bile acids because of their enhanced 

amphipathic nature. These conjugation reactions yield glycoconjugates 

and tauroconjugates, respectively. The bile canaliculi join with the bile 

ductules, which then form the bile ducts. Bile acids are carried from the 

liver through these ducts to the gallbladder, where they are stored for 

future use. The ultimate fate of bile acids is secretion into the intestine, 

where they aid in the emulsification of dietary lipids. In the gut the 

glycine and taurine residues are removed and the bile acids are either 

excreted (only a small percentage) or reabsorbed by the gut and returned 

to the liver. This process of secretion from the liver to the gallbladder, to 

the intestines and finally re-absorption is termed the entero-hepatic 

circulation. 

 

 

 



Clinical Significance of Bile Acid Synthesis: 

   Bile acids perform four physiologically significant functions:  

1.  Their synthesis and subsequent excretion in the feces represent 

the only significant       mechanism for the elimination of excess 

cholesterol. 

2.  Bile acids and phospholipids solubilize cholesterol in the bile, 

thereby preventing the precipitation of cholesterol in the 

gallbladder.  

3.  They facilitate the digestion of dietary triacylglycerols by acting 

as emulsifying agents that render fats accessible to pancreatic 

lipases.  

4.  They facilitate the intestinal absorption of fat-soluble vitamins.  

    The movement of cholesterol from the liver into the bile must be 

accompanied by the simultaneous secretion of phospholipids and bile 

salts. If this coupled process is disrupted and more cholesterol enters the 

bile than can be solubilized by the bile salts and lecithin present, the 

cholesterol may be precipitated in the gallbladder initiating the 

occurrence of cholesterol gallstone disease ( the disease is called 

cholethiasis ). 

 


