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Biological functions of lipids 

Storage of energy 

Cell membrane formation 

Prostaglandin precursors

Bile acids , steroidal hormones, vit.D
presursors (cholesterol)

Chemical messengers

Maintenance of body temperature 



LIPIDS ARE TRANSPORTED IN THE
PLASMA AS LIPOPROTEINS

Plasma lipids consist of triacylglycerols (16%), 
phospholipids (30%), cholesterol (14%), and 
cholesteryl esters (36%) and a much smaller 
fraction of unesterified long-chain fatty acids 
(free fatty acids) (4%). This latter fraction, the 
free fatty acids (FFA), is metabolically

the most active of the plasma lipids.



Four Major Groups of Plasma Lipoproteins
Have Been Identified

(1) chylomicrons derived from intestinal absorption of 
triacylglycerol and other lipids

(2) Very low density lipoproteins (VLDL, or pre-β-
lipoproteins), derived from the liver for the export of 
triacylglycerol

(3) low-density lipoproteins (LDL, or β-lipoproteins), 
representing a final stage in the catabolism of VLDL

(4) high-density lipoproteins (HDL, or α-lipoproteins) 
(reverse cholesterol transport system)





Lipoproteins Consist of a Nonpolar
Core & a Single Surface Layer of

Amphipathic Lipids



Biological functions of apoproteins

(1) they can form part of the structure of the 
lipoprotein, eg, apo B .

(2) they are enzyme inducers , eg, C-II for 
lipoprotein lipase, A-I for lecithin:cholesterol
acyltransferase, or enzyme inhibitors, eg, apo
A-II and apo C-III for lipoprotein lipase, apo C-I 
for cholesteryl ester transfer protein;

(3) they act as ligands for interaction with 
lipoprotein receptors in tissues, eg, apo B-100 
and apo E for the LDL receptor



FREE FATTY ACIDS ARE RAPIDLY METABOLIZED

The free fatty acids (FFA, nonesterified fatty acids, 
unesterified fatty acids) arise in the plasma from 
lipolysis of triacylglycerol in adipose tissue or as a 
result of the action of lipoprotein lipase during uptake 
of plasma triacylglycerols into tissues. They are found 
in combination with albumin, a very effective 
solubilizer. 
After dissociation of the fatty acid-albumin complex
at the plasma membrane, fatty acids bind to a
membrane fatty acid transport protein that acts as a
transmembrane cotransporter with Na+. On entering
the cytosol, free fatty acids are bound by intracellular
fatty acid-binding proteins.



CHYLOMICRONS & VLDL ARE RAPIDLY CATABOLIZED

-The clearance of chylomicrons from the blood is 
rapid, the half-time of disappearance being under 
1 hour .

-Fatty acids originating from chylomicron catabolism 
are delivered mainly to adipose tissue, heart, and 
muscle (80%), while about 20% goes to the liver. 
However, the liver does not metabolize native 
chylomicrons or VLDL significantly; thus, the fatty 
acids in the liver must be secondary to their 
metabolism in extrahepatic tissues.



TG of Chylomicrons & VLDL
Are Hydrolyzed by Lipoprotein Lipase

-Lipoprotein lipase is located on the walls of blood 
capillaries, anchored to the endothelium. It is not
normally found in blood; however, following 
injection of heparin, lipoprotein lipase is 
released .
-Both phospholipids and apo C-II are required as 
cofactors for lipoprotein lipase activity, while apo
A-IIand apo C-III act as inhibitors. TG is hydrolyzed 
progressively through a diacylglycerol to a 
monoacylglycerol that is finally hydrolyzed to free 
fatty acid plus glycerol .



TG of Chylomicrons & VLDL
Are Hydrolyzed by Lipoprotein Lipase

-Heart lipoprotein lipase has a low Km for TG , about one 
tenth of that for the enzyme in adipose tissue. This 
enables the delivery of fatty acids from TG to be 
redirected from adipose tissue to the heart in the 
starved state when the plasma TG decreases. 

-A similar redirection to the mammary gland occurs

during lactation, allowing uptake of lipoprotein 
triacylglycerol fatty acid for milk fat synthesis. The VLDL 
receptor plays an important part in the delivery of fatty

acids from VLDL TG to adipocytes by binding VLDL and 
bringing it into close contact with lipoprotein lipase.







HDL TAKES PART IN BOTH LIPOPROTEIN TG & 
CHOLESTEROL METABOLISM

-HDL is synthesized and secreted from both liver 
and intestine (Figure 25–5).apo C and apo E 
are synthesized in the liver and transferred 
from liver HDL to intestinal HDL when the 
latter enters the plasma.

-A major function of HDL is to act as a repository 
for the apo C and apo E required in the 
metabolism of chylomicrons and VLDL.





THE LIVER PLAYS A CENTRAL ROLE IN
LIPID TRANSPORT & METABOLISM

(1) It facilitates the digestion and absorption of 
lipids

(2) The liver has active enzyme systems for 
synthesizing and oxidizing fatty acids and for 
synthesizing TG and phospholipids

(3) It converts fatty acids to ketone bodies 
(ketogenesis)

(4) It plays an integral part in the synthesis and 
metabolism of plasma lipoproteins



Hepatic VLDL Secretion Is Related
to Dietary & Hormonal Status

The fatty acids used are derived from two 
possible sources: (1) synthesis within the liver 
from acetyl-CoA derived mainly from 
carbohydrate  and (2) uptake of free fatty 
acids from the circulation. 

Factors that enhance both the synthesis of 
triacylglycerol and the secretion of VLDL by 
the liver include :



Hepatic VLDL Secretion Is Related
to Dietary & Hormonal Status

(1)the fed state rather than the starved state; 

(2) the feeding of diets high in carbohydrate (particularly 
if they contain sucrose or fructose), leading to high 
rates of lipogenesis and esterification of fatty acids;

(3) high levels of circulating free fatty acids; 

(4) ingestion of ethanol.

(5) the presence of high concentrations of insulin and 
low concentrations of glucagon, which enhance

fatty acid synthesis and esterification and inhibit

their oxidation



The Provision of Glycerol 3-Phosphate Regulates 
Esterification: Lipolysis Is Controlled by Hormone-

Sensitive Lipase
(Figure 25–7)

-TG is synthesized from acyl-CoA and glycerol 3-
phosphate . 

-Because the enzyme glycerol kinase is not 
expressed in adipose tissue, glycerol cannot be 
utilized for the provision of glycerol 3-phosphate, 
which must be supplied by glucose via glycolysis.

Triacylglycerol undergoes hydrolysis by a 
hormonesensitive lipase to form free fatty acids 
and glycerol.





HORMONES REGULATE
FAT MOBILIZATION




