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1. 

Chapter 1 

INTRODUCTION 

1.1 Introduction 

The problem of transporting nonpolar lipids in the 

blood has been overcome in mammals by assoc i at ion of the lipid 

with specific proteins, to form water soluble lipoproteins. This 

associa tion occurs i n a reproducibl e fixed r a tio of lipid to 

protein and was first demonstrat e d by Macheboeuf (1929). More 

recently the role p l ayed by the proteins in lipid transport has 

been th e subject of int ensive investigation. 

The circulating lipoproteins are divided into classes. 

Two op erational systems of classification are used, one based on 

density and the other on e lectrophoretic mobility. The lipo-

proteins floating in a centrifugal field at a density of less 

than 1.006 g/cm3 are classified as VLDL. These have a flotation 

coeff icient, Sf, of between 20 and 400 and move in the pre-8 band 

on paper electrophoresis. Those floating at density 1.006 -

1 .063 g/cm3 (Sf= 0 - 20) are classified as LDL and run as the 8 

band on electrophoresis. HDL float at density 1 .063 - 1.21 g/cm3 

and run as the a 1 band on electrophoresis, and the chylomicrons 

have an Sf of greater than 400 and remain at the origin in 

electrophoretic separations, Figure 1. 

Following the ingestion of a triglyceride rich meal 
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the lipi d is transport8d from the intestine mainly as triglyceride 

in the chylomicrons. Fatty acids synthesized in the liver from 

carbohydrate and protein are secreted into the plasma as trigly­

cerides bound to VLDL produced in the liver. VLDL is a l so 

produced in the intestine ( Windmueller, 1968; Ockne:::' ~- al., 

1969) , and possibly in oth0r organs as well . 

The rate of VLDL release is influenced by the requirement 

for triglyceride transport from the liver, which i s dependent on 

the rate of fatty acid synthesis in the liver and the level of 

exogenous medium chain length fatty acids reaching t he liver via 

the hepatic portal vein. 

VLDL i s thought to be catabolized in the capillary wall s 

of the musc l e and adipose tissue by lipoprotein lipase, to r e l ease 

the lipid and form HDL and LDL . Scott & Hurley (1970) have shown , 

using r125 tracer techniquesi that LDL is then broken down in the 

liver, skin and capillary walls. 

1.2 Metabolic Relatio~ship Between Lipoprotein Classes 

Since it became apparent that the same polypeptides were 

present in different lipoprot e in classes and that VLDL was the 

major means of transport for esterified lipid, investigation 

turned to determining the metabolic r elationship between the 

lipoprotein classes. 

Evidence now exists for a precursor-product relationship 
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between VLDL and LDL and at least it s partial control by lipoprotein 

lipase. Fredrickson, Levy & Lees (1967) have shown that in 

patients whos o catab olism o f VLDL i s slow due to low lipoprotein 

lipase a ctivity ( Type I hyperlipoprot e incmia) the p lasma LDL c on-

centration i s a l so low. This relationship i s a l so sug~ested by 

the results of exp eriments by Nichol s _e t ::il . ( 1968) a nd Nichols 

(1 969 ) who showed tha t heparin , due to it s activation of lip oprotein 

lipase , causes a drop in concentration of p l asma VLDL and a conco-

mit a nt increase in conc entra tion of p l asma LDL, 

Further suppor t for this hypoth es i s comes from the r esul ts 

of e xperi me nts wi t h radioactive tra c ers. Fi dge & Foxman (1 971) 

work ing with rats , and Bilh c im er e~. a l. ( 1971) with h uman s ? both 

i s olated VLDL and labelled the ap oproteins with 1 125 • The r a dio-

ac tive l abe l was found by Bilhe i mer et a l. (1 971) to be distributed 

in t he VLDL np opr oteins , before injecti on , in the proportion: 

apo - LDL, 45%; apo - ala p lus ap o-glu, 25%, 10 minutes after intra-

r5 125 venous injecti on of t he apoproteins-I c , apo - a la-I and apo-glu-

125 125 I had exchanged between VLDL and HDL , but a ll th e apo - LDL-I 

remained in th e VLDL. Radioact ive LDL appeared subsequently in 

a fr a ction of density 1.006 - 1.019 g/cm3 which r eached a maximum 

after 6 - 12 hours followed by a rapid decline, and then in a 

fraction of density 1.01 9 - 1 . 063 g/cm3 which r eached a maximum 

after 24 hours and was follo u ed by a slow decline . Thi s process 

was accelerated by heparin and slowed in patients with Type I 

hyperlipoproteinemia. Langer (1970) showed in simila r 

experiments v1ith I 125 labelled VLDL apoproteins , tha t VLDL is not 

metabolized to higher density fractions and is not apparently 

recycled to new VLDL. 
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Rubenstein & Rubenstein (1 972 ) used r adioa ctive phos -

pholipid and protein to study VLDL metabolism in r a ts. They 

found a free two way exchange of tritia ted protein a nd phospholipid­

P32 between VLDL and HDL . Tritiated protein in VLDL exchanged 

within 20 minutes with HDL, but not with LDL . Using gel 

electrophoresis they found exchange between 3 of the 6 bands in 

apoVLDL and apoHDL . 

These r esults app ear to support the hypothesis tha t LDL 

is a product of the action of lipoprot ein lipase on VLDL and that 

its formation i s to some extent dependent on the r a t e of lipase 

activity . Whe the r a ll circula ting LDL derives fro m VLDL is not 

known , nor is it kno wn if LDL ha~ a speci f ic function. 

The relationship between HDL and VLDL i s l es s clear. 

The free exchange of comp on en t s between th em could suggest tha t 

some or a ll HDL apop r o t e ins were precursors to VLDL formation , 

but further i nvest i gation wi l l be r equired before definite 

conclusions can be drawn. 

1.3 Cofactor Activity of Lipoproteins 

Korn (1955) showed that lipoprotein lipase could 

hydrolyse a triglyceride emulsion only after activation by serum 

lipoproteins and suggested a possible role of lipoproteins in 

the control of lipid transport. Although evidence has been 

presented involving VLDL, LDL a nd HDL as activators (Bier & 
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Havel, 1 970 ), it is gene r a lly cons idered that HDL is the a ctivat or 

for h uman lipoprotein lipase . However, current information does 

not permit d e fi nit e conclusions to be drawn on the me chanism , 

nature and specificity of cofactors in lipoprot e in lipase activity. 

The most serious shortcoming is tha t most experiments are c arried 

out with crude enzyme preparations and t he results may well be 

influenced by t he nature a nd amount of i mpurities . Another 

prob lem is tha t the polypeptide prepar a tions being test ed for 

cofa ctor a ctivity have n ot a l way s be en well characterized and in 

s ome cases diffe r ent amino ac i d compositions have b een reported for 

pep tides with the same COOR - terminal groups . 

LaRosa e t a l. (1 970) found that peptides with glut amic 

a ci d and a l ani ne COOR- termin a l g roups (apoLP-g l u and apoLP-ala) 

had c ofac tor ac tivity with crude lipoprotein lipase p r epar a tions. 

In c ontrast to this Brown & BaGinsky (1972) showed that purified 

ap oLP-ala (of VLDL) inh ibit s lip oprot ein lipase a t the leve l of 2% 

of the substrate. Bier & Havel (1970) r ep orted activation by HDL 

and a l so by VLDL at 0 .2% of substrate level . They suggest that 

ei t her of the pol ypeptides apoLP-thr a nd apoLP-glu , be ing common 

to both cla sses , could be the a ctivator . 

1 . 4 Comp osition of LDL 

The c omposition of the lipoprotein classes is given in 

Ta ble 1 . 



'rable 1. Composition of Lipoprotein Classes 

Composition Chylomicrons VLDL LDL HDL LP-X % by weight 

Protein 2 5-12 20-22 50 6 

Carbohydrate 3-5 

Total Lipid 98 88-95 75-78 50 94 

Cholesterol ester 4 10-13 35-41 20 2 

Phospholipid 4 13-20 21-23 24 66 

Cholesterol 2 3-5 8-9 2 23 
Triglyceride 88 50-60 6-8 4 3 

LDL a l s o contains traces of lysol ecithin, glycoli~ids, 

and other unidentified lipids (Skipski tl ~•, 1967). The 

saturated fatty acids are mainly 16: 0 and the unsat urated mainly 

1 8 : 1 and 1 8 : 2 • LDL also contains 50% of serum tocopherol 

( McCormick et ~•, 1960) and 75% of serum S -carotene and lycopene 

(Krinsky ~ ~•, 1958 ). 

LDL ha s b een found to have a polysaccharide component 

containing galactose, mannose, glucosamine, fructose and sialic 

acid. Evidence exists for covalent bonding of protein and 

carbohydrate and for the terminal position of sialic acid on the 

polysaccharide chain (Margolis & Langdon, 1966a). 

The predominant lipoprotein in obstructive jaundice, 

LP-X, has a significantly different composition from LDL. 




