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Chapter VIII:



Lipoproteins
a Lipids are insoluble in plasma. In order to be 
transported they are combined with specific proteins 
to form lipoproteins: Clusters of proteins and 
lipids.

a All lipoproteins contain:
n lipid core (hydrophobic (apolar)):TAG, CE
nSurrounded by apolipoproteins,
phospholipids and free cholesterol

a Polar portion of these compounds are exposed 
on the surface of lipoprotein         molecule is 
soluble
a They differ in lipid and protein composition, 
size, density and site of synthesis
a Function in transporting lipids content to and 
from tissues.



Classification of Lipoproteins

¨ Chylomicrons
largest; lowest in density due to high lipid/protein ratio;

¨ Very-low Density Lipoproteins (VLDL) [triglyceride-rich]
- Low in protein, phospholipids and cholesterol
- High in triglycerides.

¨ intermediate density lipoprotein (IDL)

¨ Low-density Lipoproteins (LDL)
- High levels of insoluble cholesterol

¨ High-density Lipoproteins (HDL)
The smallest and densest lipoprotein because it contains the 

highest proportion of protein to lipids
“Good” cholesterol: transport cholesterol out of the blood
stream.

Classified based on their density and electrophoretic mobility:



Features HDL LDL VLDL Chylomicrons

Density 1.063-1.21 1.006-1.063 0.96-1.006 <0.96

% of proteins 50% 25% 10% 1%

% of lipids 50% 75% 90% 99%

Lipid fraction 
dominant

PL cholesterol TG TG

Protein 
fraction 
dominant

A-I,II,IV,
E

B100 B100
E

B48
E

Structural features of lipoproteines
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Apolipoproteins

n Apoproteins acts as:
n Ligands for cell-surface receptors.
n Serve as coenzymes involved in lipoprotein 

metabolism 

n Classes of apoproteins: Divided into 5 
classes based on their structure and function 
into : apo A, apo B, apo C, apo D and apo E.
Each class have a subclass (exp: apo C:  apo C-
I, apo C-II...)





Chylomicrons Metabolism
aChylomicrons transport exogenous lipids 

(dietary) to liver, adipose, cardiac, and skeletal 
muscle tissue

aProduced in enterocytes in rough ER, 
aLoading Apo B-48 with lipid, by microsomal

transfer protein
a Transition from ER to Golgi

In Golgi: Packaging into secretory vesicles 
which fuse with the membrane and release the 
lipoprotein: nascent chylomicrons [functionally 
incomplete] which enter the lymphatic system and 
are then secreted into the bloodstream.



a While circulating in blood, nascent chylomicrons picks up apo C-II and

apo-E donated from high-density lipoproteins (HDL), thus, converts it to a

mature chylomicrons, (apo C-II is the cofactor of lipoprotein lipase

(attached to the surface of endothelial cells in capillaries (LPL), which degrade 90% of

TAG contained in chylomicrons).

aAs triacylglycerols stores are distributed, chylomicrons shrink in

size, becoming chylomicron remnants.

aChylomicron remnants are taken up from plasma by receptors

on the liver cells, receptor-mediated endocytosis which recognize

apo E of the chylomicron remnant.



VLDL Metabolism
aTransports endogenous products (≠ chylomicrons) to adipose tissue and muscle

aVLDL is assembled in the liver from triglycerides, cholesterol, Cholesteryl Esters and 
apolipoproteins (apo B-100, apo C-I, apo E)

aIn blood, nascent VLDL picks up apo C-II and additional apo-E donated from (HDL) 
mature VLDL. 

aOnce in circulation, mature VLDL will come in contact with LPL in the capillary and 
removes triglycerides from VLDL for storage or energy production. 

aAs more and more triglycerides are removed from the VLDL because of the action of LPL, 
the composition of the molecule changes, and it becomes intermediate-density lipoprotein 
(IDL).
a When the cholesterol content becomes greater than the content of triglyceride they 
become Low density protein (LDL).
aApo CII and apo E returned to HDL: Some LDL are recognized by receptors in the liver 
cells because of the apo B-100 they contain and are endocytosed.  The other LDL will be 
taken by extrahepatic tissues.





Intermediate Density Lipoprotein 
(IDL)

n Synthesized from VLDL during VLDL degradation

n50% of the IDL are taken up by the liver, the other 50% remain

in the circulation and undergo further TAG degradation and

will be converted to Low density lipoprotein (LDL)
n Apo B-100

n Receptor binding
n Apo C-II

n LPL activator
n Apo E

n Receptor binding



Low Density Lipoproteins
(LDL)

a Synthesized from IDL

a apo B-100 as Receptor binding to cell surface

aLDL are atherogenic: carries the majority of the cholesterol into

artery walls and drive atherosclerosis, that’s why we, colloquially,

called them “bad cholesterol” conversely to HDL which are referred to

as “good cholesterol” because they remove fat molecules in the wall of

arteries.



1- Cells take up LDL particles expressing
apo B-100 by to LDL receptors, involving
formation of a clathrin-coated pit (stabilize
the pits).

2- Clathrin-mediated endocytosis of LDL
particles.

3- After the clathrin coat disassembles,

4- LDL is released from the receptor, and the
receptor migrate to one side of endosome
and returned to the plasma membrane

5-Transfer of vesicle contents to lysosomes,
degradation into cholesterol, fatty acids,
phospholipids and amino acids.

LDL Metabolism



High density Lipoprotein (HDL)
aSynthesized in the liver as complex of apoliporoteines (apo A-I, apo C-II and apo E)
and phospholipids (phosphatidylcholine=lecithine) but without cholesterol

Nascent HDL: flattened spherical shape

aThe complexes pick up cholesterol from cells by interaction with the ATP-binding
cassette transporter A1 (ABCA1) called also cholesterol efflux regulatory protein
(CERP):

a The cholesterol picked up, is converted to CE by a plasma enzyme: LCAT
(Lecithin-Cholesterol Acyl Transferase), activated by Apo A-I, and retained in the core
of lipoproteines causing shape modification: spherical:

a As the nascent HDL accumulates CE it first becomes relatively poor in CE
(HDL3) and eventually a CE rich HDL (HDL2) particles that carries CE to liver

Reverse cholesterol transport

a HDL particles remove fats and cholesterol, from cells, and within artery wall and
transport it back to the liver for excretion or re-utilization “good cholesterol”



Reverse cholesterol transport

CETPLCAT

Free cholesterol
hydrolysis

Extrahepatic tissues
Cholesterol esters

HDL3 HDL 2 Cholesterol to 
VLDL, IDL,LDL

Liver
Cholesterol is reused
or excreted in bile

ABCA1
Direct

aTransport of cholesterol from HDL to liver (bile synthesis) : Reverse cholesterol transport, via
2 pathways:

Direct pathway: HDL are removed or internalized by liver and to lesser extent by adrenal
and gonadal cells via scavenger receptor BI (SR-BI), for use in bile acid and steroid
hormones synthesis.

Indirect pathway: The CE can be exchanged for triglycerides, with the help of CETP
(Cholesteryl ester transfer protein), to other lipoproteins (such as LDL and VLDL), and these
lipoproteins can be taken up by liver by secreting unesterified cholesterol into the bile or by
converting cholesterol to bile acids.

indirect



- Lp(a)	levels	vary	according	to:
• Pathology:	Elevated	Lp(a)	levels	predict	
cardiovascular	risk.

• Ethnic	origin:	Black	subjects	have	Lp(a)	
normal	range	twice	as	high	as	white	and	Asian	
subjects.

- Lp(a)	levels	highly,	resistant	to	diet	and	
drug	therapy.

Lipoprotein(a),	or	Lp(a)
- Another	kind	of	atherogenic		lipoprotein.

- Consist	of	LDL	(LDL-like)	and	a	protein	
designated	as	apo(a)

- The	apo(a)	is	covalently	linked	to	apoB-100	
by	a	disulfide	linkage

- High	risk	association	with	premature	
coronary	artery	disease	and	stroke



THE END!
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