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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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electrophoresis (Levy, Lees & Fredrickson, 1966). 



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 & 



6. 

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. 
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1.5 Molecular Weight of LDL 

reported. 

Numerous values for the molecular weight of LDL have been 

Calcula tions for molecular weight must assuoe that: 

1. The molecule is an anhydrous sphere, or values must be 

assigned for shape and hydration terms. 

2. LDL has insignificant preferential salt binding or 

hydra tion in the salt solution used. 

Early work by Toro-Goyco (1 958) and Bjork lund & Ka tz 

(1956) ga v e molecula r weights for human LDL of 2.55 x 10
6 

and 2.8 -

6 
3.0 x 10 daltons. Scanu tl ~- (1968) using sedimenta tion 

equilibrium reported a value of 2.2 - 2.3 x 10
6 

daltons. Studies 

by Adams & Schumaker (1969) using the high salt flotation technique 

gave a v a lue of 2.3 - 2.5 x 10
6 

daltons. Fisher tl ~• (1971) 

found constants for the shape, hydration and salt binding of the 

6 
molecule and calculated a value of 2.73 x 10 daltons. 

Not only are differences in molecular weights reported 

between groups, but workers studying individual serum samples have 

reported differences between samples. Lindgren~ !:2:_. (1969) 

using human serum LDL found on the average, a higher molecular 

weight in female subjects (2.36 x 106 daltons) than in male 

subjects (2.12 x 106 daltons). From the results of banding 

studies on individual samples Adams & Schumaker (1970) reported 

marked heterogeneity between samples. 

Molecular weight determinations by Janado & Martin 

(1968) on pig serum LDL also shoned marked heterogeneity. Six 
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subfractions of LDL were isolated, with mol ecular weights ranging 

6 6 
fro m 2 . 2 x 10 to 3. 8 x 10 daltons . The lowe r end of the range 

i s comp a rabl e to the mol e cular we i ghts for human LDL. 

Fisher (1970) obtained a s i gni f ica ntly higher molecul ar 

weigh t of 4.2 x 10
6 

daltons for LDL in pati ents with Type IV 

hyperlipoproteinemia. 

Mauldin & Fisher (1970) reported aggr egation of LDL 

under conditions of low pH and at neutral pH with h i gh or low ionic 

strength. Thi s was enhanced at higher LDL concentra tions a nd at 

high hydr odynamic pressure . These are conditions which prevail 

during molecular weight de t ermin at ions by analyt ica l ultracentri ­

fugation , but this would pr obably no t a ccount for t he high r esult 

obtain ed by Fi sher . 

1 . 6 Particle Size of LDL 

Studies with th e electronmicroscope have shown human LDL 

to be a spherical structure. Varia tions in diame ter have been 

reported between groups, Forte~ al. (1 968 ) reportin g sizes 

ranging from 200-290 ~ a nd Gotto et al. (19 68a) finding the particle 

size range somewhat smaller (216 to 220 R). Polla rd et al. 

(1 969 ) reported an a verage particle size of 193 ~. 
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1.7 The Apoprot e ins 

The protein mo i ety of LDL is generally p r epared by 

extraction of LDL with organic solvents. Th e apoprotein has a low 

solubility in water du e to aggrega tion which is favoured by the 

r em ova l of the lipids . Aggr egat ion is prevented to varying extents 

by the addition of detergent (sodium decyl sulphate or sodium 

dodecyl sulpha te), urea (8 M) or guanidine hydrochloride with 

detergent , titration at pH 11.5 or succinylation of native LDL 

prio r t o delipida tion. 

Recent l y a water soluble, lipid free ap oLDL was prepared 

by Helenius & Si mon s (1971) by gel filtration of LDL in the presence 

of sodium deoxycholat e , a neutral detergent (Nonidet 40), an 

anionic detergent (SDS) and a cat ionic detergent ( c etyltrimethyl ­

ammonium bromide) at micellar concentrations. 

Alaupovic ~ a l . ( 1 972) show evidence for 3 distinct 

immunologica l determina nts, LP-A, LP-Band LP-C which a re all 

present in varying proportions in al l classes of lipoproteins. 

LP-A is the ma jor component in HDL, LP-Bin LDL a nd LP-C in VLDL. 

Using h eparinized serum Lee & Alaupovic (1 9 70) prepared 6 

density subfractions of LDL by ultracentrifugation and reported the 

presence o f LP-A in all six by immunologica l techniqu es. Th e LDL 

subfractions of p lasma fro m one group consisting mostly of women 

had virtually no LP-C in the LDL, and a second group consisting 

mostly men had both LP-A and LP-C in the LDL as minor components. 

However the presence of the minor components was not consistent 

in all the subfractions of each group . The amino acid 



compositions of the 6 subfractions were similar although not 

identical (at least 3 amino acids were different when any 2 

11 • 

subfractions were compared) . The compositions also differed from 

their earlier reported composition of LDL and from other lit erature 

values. LP-A and LP-C vrn r e not considered to be contaminants as 

their Sf values were confirm ed to be in the range O - 20 by 

analytical ultracentrifugation. Nei th er was it considered that 

LP-A or LP-C were complexed to LP-B, as LP-A could be removed by 

precipitation. 

'.rwo 8.Utii::;enic deterr:1inants ,Jere found in LP-B c .. nd two 

polyp ept i des , LP-B1 and LP-B2 , separated by diffusion on 

agar and agarose gols J LP-B was lipid poor but was considered 
2 

not to be a centrifugation breakdown product, as both forms were 

sometimes found in fresh LDL. Differences in amino acid composi-

tion were found between different LP-B samples, which were 

considered to be due to varying ratios of LP-B1 and LP-B2 • 

They concluded that LDL is heterogeneous and differences 

in hydrated densities are explained by subtle changes in the 

chemical composition of a continuous population of lipoprotein 

molecules. 

LP-C, the major component of VLDL was recently reported 

by Mcconathy, Quiroga & Alaupovic (1972) to be composed of 3 

polypeptides: c1 , R-ser; CII' R-glu; and CIII' R-ala. All 

three are required to form LP-C. Kastner & Alaupovic (1971) 

reported that HDL had two major components LP-A
1 

and LP-A11 both 

having a glutamine COOR-terminal residue. 

Results from the work carried out by Fredrickson's 
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groupa are generally in agreement with that of Alaupovic although 

a different system of nomenclature is used. Investigation has 

been centred on VLDL which after delipidation by solvent extraction 

of lyophilizid VLDL is subjected to gel filtration. Three peaks 

are eluted from Sephadex G-150, Figure 2, (Brown, Levy & Fredrickson, 

1970). 40% of the VLDL apoprotein was found to be immunologically 

identical to apoLDL. A similar result was obtained by Bersot 

2.!_ .§1• (1970) in rats. Using polyacrylamide gel electrophoresis, 

DEAE chromatography, gel filtration and immunological teets they 

found 25% of the VLDL protein to be identical to LDL protein. 

Peak 3 obtained by Brown, Levy & Fredrickson (1970), 

(Figure 2) contained the peaks DI' DII' DIII' and DIV which are 

eluted when apoVLDL is run on a DEAE column (Brown, Levy & Fredrick­

son, 1969) and which have been characterized with respect to terminal 

groups (Herbert, Levy & Fredrickson, 1971), Table 2. These results 

confirm the findings of Mcconathy, Quiroga & Alaupovic (1972); 

DI corresponding to CI (R-ser), DII corresponding to CII (R-glu) 

and DIII' DIV and DV corresponding to CIII (R-ala). DII may be 

2 polypeptides as valine was also released to some extent in 

COOR-terminal determination. DIII and DIV differ only in sialic 

acid content. Fredrickson et al. (1 973) has reported LDL to be 90% 

composed of a single protein of molecular weight 27,000 daltons, 

with COOR-terminal serine and NH2 -terminal glutamine. 

Shore & Shore (1969) using individual samples of human 

serum, prepared an LDL fraction of density 1.029 - 1.039 g/cm3 • 

The apoproteins were separated by ion exchange chromatography on 
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& Fredrickson, 1970). 



Tab l e 2 . 

Peak 

DI 

DI I 

DIII' IV' 

Properties of th e major proteins of VLDL 

(Herbert, Levy & Fredrickson , 1971). 

NH
2

- Termi nal COOH- Terminal 11 . W. 

Thre oni ne .Serine 7 , 000 

Threon ine Glut nmic ac id 1 0 , 000 

& V 
Serine Alanine 8 , 764 

14. 

% Total 
apoVLDL 

10 

10 

30 

DEAE cellul ose . Two polypept i des were isol a ted which represented 

only a 30% recovery of appli ed p rotein. The amino ac i d c ompositions 

of the two polypept i des we r e very similar a lth ough not identica l and 

were both different t o those of all other known apoproteins . 

No COOH-t ermi nal groups were foun d , eithe r by hydrazinolysis or by 

cnrboxypept i dase A Emd B, cl resu l t i n direct contrnst wi t > ,Jthe r 

worke r s ' find i ngs and with r esul ts published earl i e r by Shor e 

(1 957) . 

VLDL and HDL apoprote i ns were also r un on DEAE , VLDL 

with a r e covery of 50% yie l ded 6 fracti ons and HDL yi e l ded 10 . 

None of the VLDL fraction amino ac id c ompositi ons corresponded to 

a n y of the ami no ac id c omposi ti ons of R-s e r, R- gl u or R- a l a . Shore 

& Shore (1968 ) repor t ed charac t erization of 2 of the HDL apo ­

proteins; one h a ving COOH-terminal t hreonin e and NH
2
-t e rmina l asp­

~rtic ac i d and of mol e c u lar weight 16 , 000 daltons, the other of 

molecular we i ght 14,ooo daltons having a glut ami c a cid COOH-

termina l and an aspartic a cid NH
2
-termina l. Two polypeptides 

were foun d t o be common to VLDL and HDL but ther e exists a strong 

possibility that the classes may well h ave common polypeptides 
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not eluted fro m DEAE. The num erous polypeptides with similar 

nmino acid composition are thought by Shore & Shore possibly to be 

Qul tiple forms of n polypeptide which undergoes minor amino acid 

comp osition changes to change lipid binding affinity. 

Gr&nia & Scanu (1966) working on pooled human serum 

found the NH
2

-terminal groups for LDL (glutamine) and VLDL (threonine 

and serine) both r esults in agreement with Fredrickson. They 

also published an amino a cid composition of LDL which differed 

considerably fr om thnt publish ed by Shor e & Shore (1969) but was 

similar to some of the fractions analysed by Lee & Alaupovic (1970). 

Koga, Horwitz & Scanu (1 969 ) using pooled rat serum showed the 

amino a cid composition of LDL to be very similar to the composition 

of human LDL found by GrandQ & Scanu (1966). They also showed 

VLDL to have 3 antigenic sites, t wo were immunologically identical 

to LDL and HDL and the third was unique. On polyacrylamide gel 

electrophoresis LDL nnd apoLDL appeared to move with similar relative 

mobilities. Both ran as a single band on 3.75% polyacrylamide, a 

result in conflict with more recent studies showing heterogeneity. 

However, they observed small amounts of faster moving components in 

some cases. 

Margolis & Langdon (1966a, 1966b) using pooled human serum 

prepared LDL by dextran sulphate precipitation and report its 

homogeneity as tested by analytical ultracentrifuge, polyacrylamide 

gel electrophoresis and gel filtration. This is in agreement 

with Granda & Scanu (1966) but at variance with other reports. 

The amino acid composition was found to be different from all other 

reports. In an effort to determine the positions of some groups, 

derivatives of native LDL and apoLDL were formed. The assumption 
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was made that those groups that reacted fully after delipidation 

and not in native LDL were exposed only on delipidation. The 

bromoacetate reaction for histidine and reduction alkylation for 

disulphide groups showed a 50% and 100% increase in reactivity on 

delipidation of native LDL. 

rea dily reactive ~nd ..Ll . --• -1- ..L. 
l, .U. V U(_)ll t, 

Most lysine r esidues in native LDL are 

to be on the surface • 

Hillyard et al. (1 972) working on chick serum and egg 

yolk apo LDL deter• ined that both sources had the same COOH-terQinal 

(tyrosine) and NH
2
-terminal (lysine). The amino acid compositions 

were very similar, most values being within 10%. 

1.8 Structure of LDL 

Gotto et.'.!!· (1968a) reported a granular surface to LDL 

particles when negatively stained and observed by electronmicro-

scope. Poll a rd et tl· (1969) has also reported a fine surface 

structure which they consider are globular subunits, 50 ~ in 

diameter, and arranged in a dodecahedral pattern with overall 

isohedral symmetry . This postulate was supported with a 3-D 

isodensity map constructed from the electronmicrograph. 

Small angle X-ray scattering studies on aqueous LDL 

carried out by Mateu ,tl tl• (1971) have indicated a particle size 

within the range found from electronnicrographs. The electron 

density distribution was interpreted to support a spherical model 

with lipids organized as a bilayer covered each side by protein. 



The results of optical methods have in some cases been 

in conflict, and at this stag e only generalizations on protein 

conformation can be made. Scanu & Hirz (1 968 ) obtained a CD 

spectrum fur LDL at room temperature and phys iological pH , 

characterized by one positive (196 nm) and 2 nega tive Cotton 

effects (22 0 and 208 nm), indicating a mixture of a-helix and 

random structure, although not excluding th e possibility of S 

structure. The CD sp e ctrum was influenced by pH , SDS, urea and 

gunni dine hydrochloride but not by succinylation . Scanu et al. 

(1 9 6 9) foun d the CD spectrum was a ls o influe nced by p r otein con-

c entration and temp e rature. Low tempe r a ture spectra i ndicat ed 

mainly a - helix and at hi gh t empe r a t u r e B structure appeared to 

dominate (cha r a ct erized by a single negative Cotton effect near 

21 8 nm). These temp er a tur e induced confor mation changes were 

rev e rsible. Native LDL appeared to be less sensitive to tempera ture 

induced change , suggesting that the lipid portion stabilizes the 

protein conformation. I R studies b y the same group on LDL at 

room temperature indicated that only a minor portion of the protein 

was B structure. This conforma tional flexibility was also 

observed by De arborn & We tlaufer (1 969 ) using ORD and CD . Their 

results were similar to those of Scanu & Hirz (1968) confirming 

the dependence of conformation on te mper a ture and the presence of 

lipid. 

In contrast to this Gotto~.£!• (1968b)found a major 

trough at 216 - 218 nm in the CD spectrum of LDL , indicative of e 

structure, and a slight shoulder indicating the possibility of a 

small amount of .a-helix and/or disordered structure. The CD 

spectra were supported by IR data interpreted as supporting the 
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antiparallel nature of S conformation. The reasons for the 

disagreement between these results lie probably in the conditions 

of experimenta tio n , which has been shown to influence the spectral 

behaviour of LDL. Despite some inconsist ency it can be concluded 

that all three conformations p robably exist i n LDL and that the 

proportion of each varies with source and preparation of material, 

temperature, and concentration of prot e in. 

NMR studies have been carried out by Leslie~ al . (1969) 

and St ein ~~• (1968). Signals from LDL, coming almos t entirely 

from the lipid, were found to be indistinguishable from aqueous 

dispersions of lipid ext r a ct ed from LDL, su8gesting th a t the protein 

mo i e ty has littl e influence on th e organisation of th e lipid. 

This suggestion is possibly supp orted by ESR studies by Gotto 

(1 969) . The LDL was spin l o.belled i n the protein mo i e ty with 

N-(1-oxyl-2,2,6,6-tetramethylpiperinyl)-maleimide and th e spectra 

exhibited 2 types of signal; a narrow one indicat ing a high degree 

of fr eedom of tumbling of the free radical, and a broad one 

indicating some constraint; the lipid posing constraint on the 

protein. 

Degradation experiments have been carried out with 

lipolytic and proteolytic enzymes. Proteolytic enzymes produce 

only a partial digestion of native LDL. Structural changes occur 

on hydrolysis and include an increased tendency to aggregate and 

increased extractability of lipid (supporting the hypothesis that 

the protein forms a layer over the lipid). 

Conflicting reports have been published on the nature 

of the peptide released on tryptic digestion . Experiments by 
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Bernfield & Kelly (1964) showed that the amino acid composition of 

the digested portion was the same as native LDL, while Margolis 

& Langdon (1 9G6c) demonstrated the release of a specific peptide 

with an a • ino acid composition differing from native LDL . 

Despite differences in r esults of hydrolysis products , it can be 

postulated that the portion of protein not open to proteolytic 

attack is situated in the interior of the LDL particle . 

Phospholipase A is found to hydrolyse up to 97% of 

phosphatidyl choline, e thano l amine and serine (Nishida, 1968), 

suggesting that the phospholipids a re situated near the surface 

of th e molecule. This is supported by the r esults of experiments 

with phospholipase C and D (Bruckdorfer & Green, 1967; Nishida & 

Cogan, 1969 ) and also by lipid exchange experiments whi c h have 

shown phospholip i ds and cholesterol t o exchange much fast e r than 

triglycerides . 

1 . 9 Structural Models of LDL 

Several problems at present prevent definite answers to 

the question of a model . Electronmicrographs have reported both 

smooth and structured surface to the LDL particles. The limited 

knowledge of the polypeptides and their apparent conformational 

metastability make it difficult to define a physiological 

structure . The structural role of water is yet to be investi­

gated fully, and the exact nature of the lipid-protein interaction 

has yet to be determined. If a precursor-product relationship 
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exists between VLDL and LDL, the common polypeptides may occupy 

similar positions in both clas ses, or if not a mechanism for their 

rearrangement has yet to be found. 

The solubility properties of lipoproteins led to the 

concept that the p rotein and polar lipids (phospholipids) occupy 

all or most of the lipoprotein surface and the l ess polar lipids, 

triglycerides and cholesterol esters form 3. core . Evidence from 

experiments by Gustafson (1 966 ) and Oncley (1963) on th e surface 

area occupied by pol ar components, and from X-ray diffraction data 

fr om Mateu et ~l . (1971) support this hypothesis . The p osition 

of cholesterol es ters in the core is also shown by analysis of 

pathological lipoproteins p resent in obstructive j aundic e . 

Mnq:r,ol is & Langdon ( 1966c) claim the most satisfactory 

mode l is a bilayer of protein surrounding the lipid and coiled 

in on itself (Fi c ure 3 (a)). This would account for the limited 

p roteolysis observed with native LDL and the increased proteolysis 

wi th delipidated LDL . Synthesis coul d be by pinching off of the 

endoplasmic reticulum. An alternative pos sibility proposed by 

Margolis & Langdon (19~0 is a structure composed of subunits with 

peptides extended to cove r 70% of th e lipid core (Figure 3 (b)) . 

The protein on the exterior would give the antigenic properties 

and that in the centre uould be r esistant to hydrolysis . 

None of the hypothetical model structures have been 

demonstrated and although the concepts of lipid transport are 

clear, the mechanisms and controls are far from understood. A 

key to both these questions lies in a fuller understanding of the 

nature and cha racteristics of the protein moiety . 



(a) 

(b) 

Figure 3. Schematic models of LDL (Margolis & Langdon, 1966c). 

JR/lJlJl. a-helix 

N\N 8-structure 

f"'\A.I random structure 

111111 lipid 
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Chapter 2 

EXPERIMENTAL METHODS 

2 .1 Solvents and Reagents 

Solvents were purified by distillat ion , a ccording to 

Vogel (1957). 

Urea was purified by prepari ng a 1 0 M stock solution i n 

de ionised water and pass i ng i t through separate columns ( 2 x 20 cm) 

of Amberlite IRA 400 (OH-form) and IRA 120 (H+ form). The 

conductivity of the deionised uren was less than 10 micromho . 

2 .2 I solati on and Purification of LDL 

Blood was collected from freshly killed Lar ge White pigs 

which had been fasted 2u hours. The clot was allowed to set for 

3 hours and the serum was separated by straining through cheese-

cloth. Cellular debris was removed by centrifugation in a 

Sorvall RC-2B centrifuge using a GS-3 rotor at 10,000 g for 

15 minutes. 

Bacterial growth and enzymatic activity were inhibited 

by the addition of thiomersal at the rate of 1 cm3 to 250 cm3 

serum . Thiomersal stock solution was prepared by dissolving 
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The·solu-
'Z 

tion was adjusted to pH 8 with 6% sodium borate and made up to 50 cm~ 

with water (Hatch & Lees , 1968 ). 

Fractionation of the serum to the lipoprotein classes was 

carried out by ultracentrifugation according to Lindgren et nl . 

(1961) as modified by Hat ch and Lees (1 968) . Centrifugation was 

carried out in a Beckman L-2-65B ul t r acentrifuge at 16°c. At the 

end of each run the rotor was allowed to come to rest wi thout 

braking , to avoid disturbance of the layers. 

Soluti ons required: 

1. Densi ty 1 . 006 g/crn3 

11.40 g NaCl , 0.1 g EDTA.Na
2 

an d 1 crn3 1 N NaOH were made 

up to 1000 cm3 in a volumetric flask and 3.0 cm3 

additional water added. 

2. Density 1.063 g/cm3 

24.98 g NaBr was added to 100.0 cm 3 of solution 1 to make a 

solution of density 1.182 g/crn3• On e volume of this 

solution was mixed with two volumes of solution 1. 

Initial preparative runs were done in a 35 rotor (94 cm3 tubes). 

20 cm3 solution 1 was placed in the tubes which were then capped. 

The serum was then layered under the solution 1 using a 20 cm3 

syringe with a 15 cm 18 gauge needle. The rotor was run at 95,000 

g for 16 hours and the top 20 cm3 layer containing chylomicrons and 

VLDL removed with a Pastuer pipette. 

The bottom layers were adjusted to density 1.063 g/cm3 by 

the addition of solid KBr according to the procedure of Radding 

and Steinberg (1960). The amount of KBr was determined from the 



24. 

fo llowing equation : 

X = 
V.(df - d.) 

J. J. 

1 - V d f 

where Xis the amount of KB r (g) to be added to adjust a vol ume , 

V., from i ts initial de nsity, d., to the desired final density, df. 
J. l 

Vis th e partial specific volume o f KBr. 

To raise the density from 1.006 to 1.063 g/cm 3 , 8 .34 g 

potass ium bromide was added pe r 100 cm3 of serum, the val ue of V 

used was 0.298 (Baxter and Wal lace , 1916). 

The serum of density 1.063 g/cm3 was spun in the same 

ro tor for 22 hours , aft er which the uppe r lay e r of LDL was r emove d 

with a Pasteur pipette . 

The isolated LDL was washed , to remove adsorbed contami­

nating proteins, by r ecentri fugation . This was carried out in a 

60 Ti rotor (30 cm3 capacity tub es). 10 cm 3 of solution 2 was 

placed in the tubes which we r e th en capped. The unwashed LDL 

was then introduced as a lower l ayer as befor e . Th e rotor was 

run at 214,000 g for 12 hours and the washed LDL r em oved with a 

Pasteur pipette. 

2 . 3 Preparation of ApoLDL 

Three methods were employed to extract the lipid from 

LDL . Method I was used most frequently. In some cases the 

LDL was succinylated before delipidation . 
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Succinylation of LDL 

This was carri ed out according to th e me t hod of Scanu 

et al . (1968) based on that used by Hass (1964) for aldol ase. 

The LDL was co ns tantly s tirred and succinic anhydride added in 

small increments to a f ina l mol ar ratio of succinic anhydride: 

lysine of 100 :1. The p H was monitored on a Radi ome ter pH Me ter 

26 a nd maintained a t pH 8 . 9 by addition of 1 NNa0H from a Radio-

mete r Ti trator 11. Th e reaction was considered comp l e t e when th e 

pH had stabilised af t er t he addition of all the succinic anhydride. 

The succinylated LDL was dialysed against water, to rem ove 

succinic a cid, in Vi sking 24/32 tubing . 

Me t hod I (Shor e & Shor e , 1969) 

Washed LDL was made 1 Nin NaCl . Cholesterol , 

cholesterol esters a n d trig l y c erides we r e r em oved by r epeated 

extractions with diethyl e t her at 5°c in a nitrogen atmosphere 

for 5 h ours. The NaCl was removed by dialysis against water and 

the r emaining lipid ( mainly phospholipid) was r em oved by six 

extractions with mixtures of e th er and ethanol in whi ch the ethanol 

was increas e d from 20% to 40%. Aqueous and organic phases wer e 

kept in the ratio 1:1. Between each extraction the a queous 

phase was briefly extracted with diethyl ether. Remaining 

traces of organic solvent were removed under vacuum. The apoLDL 

was dialysed against 0 . 2 M Tris-HCl in 8 M urea at pH 8.4 and 

concentrated by negative pressure dialysis using Selby 8/32 

dialysis tubing. 
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Method II (Brown 2 Levy & Fredrickson, 1969) 

Washed LDL was dialysed against 0 . 01% EDTA.Na
2

, to 

remove salts , and then lyophilized. Lipid was extracted by 

stirring for 12 hours with othanol:ether, 3 :1 (v: v). The protein 

was centrifuged and extracted twice more for 3 hours with the 

same solvent . The a p oLDL was recovered by centrifugation, rinsed 

in e t her , dried under a stream of nitrogen and dissolved in 0 . 2 M 

Tris-HCl in 8 M urea at pH 8.4. 

2.3.4 Me thod III 

Washed LDL was freeze dried and ext r acted with e ther at 

o0 c for 6 hours. The protein was recovered by centrifugation 

and further extracted for 8 hours with ether:ethanol, 1:1 (v:v). 

Apo LDL was collected by centrifugation , washed with ether, dried 

under nitrogen and dissolved in 0 . 2 M Tris-HCl in 8 M urea at 

pH 8. 4. 

2 . 4 Agarose Gel Electrophoresis 

This procedure was carried out on washed LDL by the 

method of Noble (1968). 

Stock solutions: 

1. Barbital Buffer 0.05 M pH 8.6 

2.76 g diethyl barbituric acid 



15.40 g sodium diethyl barbiturate. 

1.5 1 water. 

2 . Agarose (Koch Light) 

0.25 gin 50 cm 3 barbital buffer, gently boiled. 

3. Agar (Difeo Lab.) 
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0.3 gin 50 cm3 barbital buffer, gently boil ed with constant 

stirring. 

0 .5% agar ose :agar 4:1 (w:w) was prepared by mixing 40 cm3 agarose 

solution with 10 cm3 agar solution. 2 .5 cm 3 of this was spread 

on eac h microscope slide (2.5 x 7. 0 cm) to fo r m a layer 1.5 mm 

thick. When the ge ls had set, wells 1.5 mm wide were cut 1.5 cm 

from one end a nd strips of filt e r paper ( Whatman No. 1) were 

p laced in the wells. 

The lipoprotein samples (20 - 100 /1) were applied to 

the filter paper in the wells with 5/11 0.00-1% bromophenol blue 

in water to ac t as front marker . 

The gels were placed in an electrophoretic cell with 

barbital buffer in the electrolyte compartments. Miracloth 

wicks, presoaked in barbital buffer were placed on the ends of 

the slides to make electrical contact. The slides were run at a 

constant current of 3 mA/slide for 3 hours and then fixed by 

immersion in 5% glacial acetic acid in 75% ethanol for 30 minutes . 

The slides were then dried at 50°c and stained. 

Stains: 

1 . Amido Schwarz (Protein Stain) 
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o.1% Amido Schwarz in 7% acetic acid. 

2. Oil Red O Colour Index No. 26125 (Lipid Stain) 

630 cm3 95% ethanol and 0.4 g Oil Red O were warmed with 

vigorous stirring and 370 cm3 water added. The mixture 

was refluxed for one minute and allowed to cool to 4o0 c 

at which temperature it was maintained. 

3. Sudan Black B Colour Index No. 26150 (Lipid Stain) 

0.2 g Sudan Black B was stirred for 1 hour in 100 cm3 60% 

ethanol and allowed to stand overnight at rooo temperature. 

This solution was diluted 1:1 (v:v) with 60% ethanol 

prior to use. 

2.5 Polyacrylamide Gel Electrophoresis 

2.5.1 3.75% Acrylamide Gels 

3.75% acrylamide gels were used for runuing washed LDL 

(Raymond et~-, 1966). 

Stock Solutions: 

1. Acrylamide. 

30.0 g acrylamide and 1.0 g N,N'-methylenebisacrylamide were 

made up to 100 cm3 with water and stored in the dark at 4°c. 

2. 1.6 g dimethylaminopropionitrile in 100 cm3 Tris-glycine 

buffer diluted 2.5 times. 
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3 . 0.48% ammonium persulphate in water. 

4. Tris-glycine buffer pH 8,5 . 

3.0 g Trishydroxylmethylaminomethane and 14.4 g glycine were 

made u p to 100 cm3 with water. 

10 times prior to use. 

This solution was diluted 

For a typical run of 8 gels (0.7 x 8 cm), 2 cm3 acrylamide solution , 

6 cm3 water and 4 cm3 dimethylaminopropionitrile were mixed and 

deaerated . 4 cm3 ammonium persulphate solution were added and 

the gels quickly poured . 0.5 cm 3 distilled water was layered on 

top of the gels to exclude oxy gen and produce a flat top to the 

gels, which were th en left to set for 2 hours . 

The ge l s were p laced in an e lectrophoretic cell with 

Tris-glycine buffer in the e l e ctrolyt e compa rtments . Samples 

were made more dense than the buffer by addition of sucrose or 

glycerol and introduced on to the top of the gels with a micro­

syringe. 100/11 0. 005% bromophenol blue in water was added to the 

upper buffer compartment as a front marker . The gels were run 

at a constant current of 3mA/gel until th e front marker approached 

the end of the gel. 

needle. 

Gels were removed from the tubes with a syringe and fine 

The front was either measured or marked with a fine 

piece of wire. Staining was the same as for agarose slides. 

Destaining was carried out electrophoretically by replacing the 

gels in the tubes and running at 5 mA/gel with 7% acetic acid in 

the electrolyt e compartments. 



30 . 

7.5% Acrylamide in 8 M Urea Gels 

7. 5% acrylamide in 8 M urea gels were prep~red according 

to Davis (1964), and used for separation of LDL apoproteins . 

The stock solut ion s were prepared as for Section 2. 5 . 1. 

To pr epare 8 gels ( 0 . 7 x 8 cm) , 4 cm3 acrylamide, 4 cm3 

dimethylaminopropionitrile and 5.67 g ur ea were mi xed and deaerat ed . 

4 cm3 ammonium persulphate were added a nd the gels quickly poured . 

Water was l ayered on top of the gels as in the previous section . 

LDL apoproteins were applied to the gels without addi tion of 

sucrose. Running conditions, staining and destaining were 

carried out as in Section 2.5.1 . 

10% Acrylami de 0 . 1% SDS Gels 

10% acrylamide 0 . 1% SDS ge ls were ,rep~red nccordinz to 

Weber & Osborn (1969) . T~ e molecul a r weights of the LDL upopro-

t ei ns were determined hy c omparis on with protei ns of :~nowil molecular 

weight . 

Stock Solutions : 

1. Acrylamide 

22 . 2 g a crylamide and 0.6 g N,N'-methylenebisacrylamide were 

dissolved in water to make 100 cm3 , filtered and stored 

in the dark a t 4°c. 

2. Gel Buffer pH 7 . 0 



7.8 g NaH
2

Po4.H
2
o, 38.6 g Na

2
HP04 and 2.0 g SDS were made 

up to 1000 cm3 with distilled water. 

3. Dialysis Buffer pH 7 . 0 . 

This buffer was 0.01 M sodium phosphate with 0 .1 % SDS and 

0 . 1% 2 - mercaptoethanol. 

For a batch of 8 gels ( 0 . 6 x 15 cm), 15 cm3 gel buffer and 13 . 5 

cm3 acry l amide solution were deaerated . 1 . 5 cm3 ammonium 

7. 

pe rsulpho.te (15 mg/cm 7
, freshly prepared) and L~5;ul N, N,N 1 , N4 -

tetra~e thylethylenediamine were added and the gels poured and 
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layered with wo.ter . The samples and standard proteins of kno wn 

molecular weiiht c ontaining about 1 mg protein/cm3 were dialysed 

0 
against the dialysis buffer for 3 hours at 37 C. 

of each was added : 

3 fll 0 . 005% bromophenol blue in wate r 

1 drop gl ycerol 

5;ul 2-mercaptoethanol 

50;u-l dialysis buffer . 

To 50 - 100 jLll 

The ge l tubes were placed in the electrophoretic cell and the 

water removed from the top of the gels. The samples were applied 

and the gel tubes were filled by layering on gel buffer:water , 

1:1 (v:v) . The upper electrolyte compartment was filled with the 

same buffer. Tris-glycine buffer (Section 2 . 5 . 1) was used in the 

lower electrolyte compartment to overcome the accumulation of gas 

bubbles below the gels. 

The gels were run at 8 mA/gel until the bromophenol blue 

approached th e bottom of the gel; about 4 hours. 
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The gels were removed from the tubes, the fronts marked, 

and stained for 2 - 3 hours in Coomassie Brilliant Blue made by 
-z 

dissolving 1. 25 g Coomassie Brilliant Blue in 454 cm.,· 50% methanol 

and 46 cm3 glacial acetic a cid. 

Due to difficulties in replacing these longer gels in 

the tubes, they were destained by shaking at room temperature in 

a mixture of 75 cm3 glacial acetic acid, 50 cm3 [,e thanol and 875 

cm3 water. 

2.6 Determination of Protein 

Protein concentrations were determined by the colouri-

met~ic method of Lowry~ tl• (1951). 

Reagents: 

A. 2% N82Co
3 

in 0.1 N NaOH. 

B. 0.5% Cuso4.5H20 in 1% sodium potassium tartrate. 

C. 50 cm3 A and 1 cm3 B mixed just prior to use. 

D. 1 volume Folin's phenol reagent plus 2 parts of water. 

0.5 cm3 sample containing 10 - 200j-1g protein was mixed with 5 cm3 

reagent C and left at room temperature for 10 minutes. 

reagent D was added and mixed thoroughly. The colour was read 

10 minutes later at 600 nm on a Hitachi 101 Spectrophotometer. 

Serum albumin (bovine) in water was used as a standard. 
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2.7 Determination of Lipid 

Lipid was determined gravimetrically by the method of 

Fol ch et al. ( 1957). 

1 cm3 of solution containing LDL was mixed with 17 cm3 

chloroform: methanol 2:1 (v:v) and filtered through lipid free 

filter paper. 

solvent. 

The residue was washed with 3 cm3 of the same 

4 cm3 0.37% KCl was shaken with the filtrate and the 

layers allowed to separate. The top layer was then taken off and 

the interface washed with the upper phase of the mixture 

chloroform:methanol:water, 8:4:3 (v:v:v). The lower phase was 

then placed in a tared vessel, the solvent evaporated off under a 

stream of nitrogen and the lipid residue weighed . 

2.8 Determination of Phosphate 

Phosphorus was determined colourimetrically by the method 

of Bartlett (1959). 

2 cm3 of apoLDL were digested by heating over a small 

flame with 0.5 cm3 10 N H2so4 until white fumes ceased to be given 

off. 4 drops of 30% hydrogen peroxide were added and heating 

continued for 2 hours. 4.6 cm3 0.22% ammonium molybdate and 0.2 

cm3 FSR reagent were added and mixed thoroughly. 

FSR Reagent was prepared by taking 0.05 g 1-amino-2-
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napthol-4-sulphonic acid, 3.0 g sodium bisulphite and 0 .1 g sodium 

sulphite (anhydrous) and making up to 20 cm3 with water. 

The tubes were left to stand 30 minutes and read at 

830 nm with a Hitachi 101 Spectrophotometer . 

2 .9 Determination of the Flotation Coefficient 

Freshly prepared LDL in salt solution of density 1.063 

g/cm3 was analysed in a Beckman Model E Analytical ultracentrifuge 

e quipped with a Schlieren optical system . The LDL was placed in 

a single sector cell and run in an An-D rotor a t 52,640 rpm. 

The temperatur e was maintained a t 20°c. The Schlieren pattern 

was photographed at speed and subsequently at 16 minute intervals 

on Kodak p l a tes. The bar angle was set at 80°. 

The plates were developed and the distances of peak 

migration measured by projecting the image through an enlarger. 

Sf values were calculated according to Schachman (1957). 

2.10 Gel Filtration 

2.10.1 Separation of Apoproteins 

Gel filtration was carried out on a Sephadex G-100 

(40 - 120/'1 bead size) column (0.9 x 100 cm) equilibrated with 
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0 . 2 M Tris-HCl in 8 M urea, pH 8 .4 a nd fitted with a water jacket 

maintained a t 25°c . The soluble apoproteins were appli e d in 

2 cm3 equilibrating buffer and e lut ed with th e same buffer a t 

4 cm3/ h our. 2 cm3 fractions we r e collected. 

Elution volumes we r e measured volumetrically . 

2 .1 0 . 2 Calibration of Gel Filtration Column 

Proteins of known mo l ecu l ar weight we r e a.ppli ed to the 

column a nd their elut i on volumes measur ed . Dextran blue was used 

to de t e r mine the void volume and c upric a c e t ate t o determine the 

totally included volume . 

2 .1 1 Det ermi nation of Am i no Acid Composition 

The apoproteins were hydr olysed with 6 NHCl in evacuated 

sealed tubes at 100°c for 24 hours . The hydrolysa tes were 

evap orated to drynes s on a BUchi rot a ry evaporator , :redissolved in 

2 cm3 water and evaporated to dryn es s again . Ammonia was 

removed by ad justment of the hydrolysate to pH 13 with 1 NNa0H 

followed by evaporation. The hydrolysate was then taken up in 

1 cm3 water a nd adjusted to pH 3 with 1 N HCl. Th e analyses were 

carri ed out on a Beckman 120C Amino Acid Analyser which had been 

calibrated with a known mixture of amino a cids. Norleucine was 

run with the acidic and neutral amino acids and AGP with the basic 

amino a cids. 
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2 .12 Determination of NH
2

-Terminal Groups 

NH
2
-t e r minal amino a cids were det e rmined by the dansyla-

tion method of Woods and Wang (1 967). The samples cont a ining 

0 .2 mg protein were dialysed against 0 . 02 M ammonia for 4 hours to 

remov e tra ces of Tris and th en lyophiliz ed . The protein was then 

dissolved i n 0 . 5 cm3 of 0 . 2 M NaHco
3 

in 8 M urea (pr epar ed by 

dissolving 0 . 762 g urea in 1 cm3 0 . 2 M NaHco
3

) and t o it was added 

0 . 5 cm3 dansyl chloride in a c etone ( 25 mg/cm3 ) . The r eacti on was 

0 
heated t o 37 C for 4 hours and th e p ro duct s dialysed agains t ,wate r 

nt room t emper atur e for 12 hours. 

The dansylated pro tein samples we r e transferr ed to 

hydr o l ysis tubes and lyophiliz ed , then hy d roly sed with 6 N HCl 

in vacuo a t 100°c for 24 hours . Th e tub es a fter opening were 

dri ed i n vacuo over NaOH . 

The hydrolysa t e was e xtracted twice with 25111 wat e r 

saturated ethyl acetat e , the extracts combined and e v a porated to 

dryness under a stream of nitrogen . The r esidue was t aken u p in 

5111 95% ethanol and 2 .5111 was spotted on each side of a polyamide 

sheet (7.5 x 7 • 5 cm). On one side only was spotted 0.5111 of 

marker solution N containing dansyl derivative s of arginine , 

glutamic acid, glycine, isoleucine, phenylalanine, proline and 

serine. The polyamide sheets were held in a stainless steel 

rack and developed in each of the solvents shown in Table 3. 

Elution times and the time allowed for drying the polyamide sheets 

between runs are also shown. 



Table 3. Solvents for development of dansylated 

amino acids on polyamide sheets 

Time 
SOLVENT 

37. 

(mins) 

Development Drying 

1 • 1 .596 formic acid 10 15 

2. Toluene:acetic a cid ( 9: 1 ) 15 5 
3. Ethyl a cetate:methanol:acetic o.cid 10 5 ( 20: 1 : 1 ) 

4. (1.6% acetic acid, 0.9% pyridine 
7 5 pH 4.4):ethanol ( 3: 1) 

5. 0.05 Msodium phosphate:ethanol 
35 5 ( 3: 1 ) 

(All ratios are volume;volume) 

The polyamid e sheets were washed for reuse in o. solution 

of 1 M ammonia : o.c e tone (1:1) and dried in a stream of warm a ir. 
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Chapter 3 

RESULTS 

3.1 Isolation of LDL and Preparation of Apoproteins 

Washed LDL contained 2 - 3 mg protein/cm 3 salt solution . 

The yield of LDL from se rum was 20 - 25 mg LDL protein/1 00 cm3 

serum . 

Washed LDL of 2 .5 mg protein/cm3 contained approximately 

10 mg lipid/cm3 • 

Following delipidation of unsuccinylated LDL by Method I, 

15% of the protein was recovered in buffer solution. Recovery 

increased to 95% when native LDL was succinylated prior to 

delipidation by Method I. Del ipidation by Methods II and III 

resulted in a lower recovery of soluble apoproteins from both 

succinylated Wld unsuccinylated LDL . Delipidation of unsucciny-

lated LDL by Methods II and III yielded a similar perc entage of 

s oluble apoprotein to Method I. When succinylated LDL was 

delipidated by Meth ods II and III, 45% of the protein was 

recovered in solution. 

Phosphorus was determined in apoLDL. Phospholipid was 

calculated by multiplication of the phosphorus concentration by 

25. Residual phospholipid in apoLDL was less than 0 .5% by 

weight. 
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3 . 2 Gel Filtration of Apoproteins 

The void volume, V , determined by th e e lution of dextran 
0 

blue, and the totally included vo l ume , Vt' determined by the 

elution of cuprous acetate were 20 cm3 and 80 cm3 respectively. 

Values varied slightly between runs and to compensate for this the 
V - V 

distribution coefficient, Ve_ Vo was calculated for each protein 
t 0 

e luted (where V is the elution volume) . 
e 

When delipidated LD1 was subjected to gel filtr a tion on 

S ephadex G-1 00 thre e proteins were e luted; 1-1, 1-2 and 1-3 in 

order of elution . 1-1 was slightly included, 1 - 2 had a distri -

bution coefficient in the range 0 . 3 - 0 . 4 and 1 - 3 was nearly 

totally included. Elution patterns are shown in Figures 4 and 5 . 

The distribution coefficients of the molecular we ight 

markers a re shown in Table 4. The distribution co e ffici en ts of 

the marker proteins were plotted against the loga rithm of their 

molecular weights to give a linear rela tionship (Figure 6) . 

The molecular weights of peaks 1-1, L-2 and 1-3 as 

determined from the graph are 34,000, 22,000 and 12,500 daltons 

respectively. 
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L-1 L-2 L-3 

Run 1 

Run 2 

Run 3 

Run 4 

0 0.25 0.75 1 .o 
Distribution coefficient 

Figure 4: Chromatographic separation of LDL apoproteins prepared 

by Method I on Sephadex G-100 eluted with 0.2 M 

Tris-HCl in 8 M urea at pH 8.4. 
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L-1 L-2 L-3 

Run 5 

Run 6 -~----

Run 1(S) 

Run 2(S) 

0 0.25 0.75 1.0 

Distribution coefficient 

Figure 5: Chromatographic separation of LDL apoproteins 

prepared by Method II (Run 5), Method III (Run 6) 

and succinylated apoproteins prepared by Method I 

(Runs 1(S) and 2(S)) on Sephadex G-100 eluted with 

0.2 M Tris-HCl in 8 M urea at pH 8.4. 
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Table 4: Molec:ular weights and distribution coefficients 

of proteins eluted from Sephadex G-100 with 0.2 M 

Tris-HCl in 8 M urea at pH 8.4 

Molecular 
V - V 

Protein e 0 

Weight V - V 
t 0 

Ribonuclease 13,700 0. 85 
My oglobin 16,500 o.68 

Papain 21,000 o. 45 

Trypsin 23,000 0.32 
Alcohol D.H. 37,000 0.04 

(Yeast) 

3. 3 Gel Electrophoresis 

3.3 .1 Agarose Gel Electrophoresis 

Agarose gel electrophoresis of porcine serum showed 

3 bands when stained with Sudan Black , and all the characteristic 

protein components when stained with Amido Schwarz , Figure 7. 

Isolated LDL ran as a single band in the B position as 

shown by both stains. No protein or lipid impurities were 

observed. 

3. 75~~ Polyacrylamide Gel Electrophoresis 

Polyacrylamide gel electrophoresis patterns for porcine 

serum are shown in Figure 8. After staining with Sudan Black, 
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Figure 7: Agarose gel electrophoresis of porcine serum and 

isolated LDL . Protein was stained with Amido 

Schwarz and lipid was stained with Sudan Black. 
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Fi~re 8: Polyacrylamide gel electrophoresis of porcine 

serum and isolated LDL in 3.75% acrylamide at 

pH 8.9. 
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3 bands of lipid were observed. The relative mobilities were 

found to be the same when the isolated lipoprotein classes were 

run separately (Table 5). 

Isolated LDL moved as a single band, all the protein 

being associated with lipid, as shown by Amido Schwarz and Sudan 

Black stains. 

Table 5: Relative mobilities of porcine serum 

lipoproteins and isolated LDL in 

3.75% acrylamide at pH 8.9 

Component R 
m 

VLDL 0 
LDL 0.09 
HDL 0.55 
Hb 0.37 

7.5% Polyacrylamide Gel Electrophoresis in 8 M Urea 

LDL delipidated by Method I gave 3 bands on 7.5% 

polyacrylamide when stained with Amido Schwarz (Figure 9). 

The 3 bands corresponded in R to peaks L-1, L-2 and L-3 obtained 
m 

by gel filtration of the apoproteins. Peak 1-3, after 

separation from the other apoproteins by gel filtration did 

not fix on the gel. 

Electrophoresis of succinylated LDL delipidated by 
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r- ·"' 

apoLDL L-1 L-2 

Peak R 
m 

L- 1 0 . 16 

L- 2 0.27 

L- 3 o. 45 

Figure 9: Polyacrylamide gel electrophoretic patterns of 

LDL apoproteins and their relative mobilities. 

Apoproteins were run in 7.5% acrylamide at 

pH 8. 9. 
Schwarz. 

Proteins were stained wi th Amide 
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Methods I a nd II gave variable r esul ts . Up to 10 bands with 

relative mobilities in the ran ge 0 - 0 . 9 we r e fix ed . 

10% Polyac ryl amid e Ge l Electrophoresis in 0 . 1% SDS 

The relative mobilities of the mar ker proteins are shown 

in Table 6 . The R of each pro t ein was p l ot t ed against the 
rn 

logarithm of its molecul a r we ight (Figure 10) . 

The molecular weights of the delipidated ap oproteins , 

as determined from Figure 10 are given i n Tab l e 7 . 

Table 6: Relative mobilities of proteins run 

in 10% acrylami de with 0 .1 % SDS . 

Protein M, W. R 
m 

0valbumin 45 , 000 0 . 26 

Alcohol D. H. 37 ,000 0 . 34 

Chymotryps i nogen 25 , 000 o . 49 

Chymotrypsin 21 , 600 0 . 50 

Papain 21 , 000 0 . 52 

My oglobin 17,000 0 . 62 

Ribonuclease 13 ,700 0 . 67 

Lysozyme 13 ,640 0 .70 

Cytochrome C 12 ,400 0.74 
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Figure 10: Relationship between r e lative mobi l ity of proteins and their 

molecular weights. Prot eins were r un in 10% acrylamide and 0.1% SDS. 
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• 



Table 7: Molecula r weights of LDL apoproteins determined by 

comparison of R with prot eins of known molecular 
m 

weights run on 10% acrylamide and 0.1% SDS. 

Apoproteins were prepared by Method I, Runs 1-3, 

unsuccinylated LDL; Run 4, succinylated LDL. 

Run Molecular Weights 

1 11,500 22,000 

2 11,000 20,000 56,000 

3 13,000 25,000 61,000 

4 12,000 30,000 

3.4 Determination of Flotation Coefficient 

50. 

The Schlieren pattern showed the presence of t wo 

components; a main peak, and a shoulder on the trailing edge. 

The relationship b etween the logarithm of the distance 

moved by each peak (log x) and the time taken to move is shown in 

Figure 11. 

equation: 

The flotation coefficients were calculated from th& 

1 -= 2 
W X 

dx -dt 

where xis the distance of the particle from the rotational axis, 

t is the time in seconds and w is the angular velocity in 

radians/second. The flotation coefficient for the peak was found 

to be 3.4 and for the shoulder 2.3. 
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Figure 11: Flotation rate of LDL at 52,640 rpm, 20°c, in a salt solution 

of density 1.063 g/cm3• 
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3,5 Amino Acid Composition 

The amino acid composition of apoLDL i s shown i n 

Table 8 , 

Table 8 : Amino acid composit ion (mol es/103 mol es of amino 

acids) of protei ns fro m porcine serum LDL . 

51. 

Values a r e for 24 hr hydrol ysis. ND , not deter mined . 

L-1 L- 2 L- 3 

Run Run Run Run Ru n Run 
1 ( S) 2(S) 1 (S) 2(S) 1(S) 2(S ) 
-

Lys 69 . 3 71 . 8 70,6 70 . 2 79. 4 72 . 0 96 . 8 107 . 8 

His ·24 . 2 25 . 8 23 . 6 24 . 4 6 . 2 23 . 2 rm ND 

Arg 35 . 0 30 . 5 35 . 8 34 . 9 3 . 1 11. 0 ND ND 

Asp 109 . 2 11 o . 5 106 . 6 107 . 1 11 3. 7 96 . 9 70 . 8 76 .5 

Thr 60 . 9 61 . 4 62 . 1 63 . 2 76 . 3 62 . 7 61 . 4 52 . 7 

Ser 65 . 2 66 . 7 71 . 2 69 . 4 111. 4 122 . 1 233 , 8 182 .1 

Glu 132.2 133 . 3 127.7 128 . 8 128 . 5 123.4 56 . 7 100 . 7 

Pro 46 . 8 40 . 2 41 . 9 42 . 6 63 . 1 35 . 5 89 . 7 55 . 2 
Gly 58 . 6 59 . 1 53 . 1 52 . 9 102 . 0 134 . o ND ND 

Al a 49.7 50 . 9 59 . 5 60 . 2 83 . 3 95 . 6 96 . 8 86 . 3 

Cys 8 . 1 3 . 2 1 . 6 1. 9 15 . 6 5 . 0 ND ND 

Val 62 . 1 62 . 7 61 . 4 61 . 1 50 . 6 49 . 5 33 . 0 45 . 5 

Met 6 . 2 7,3 13.5 13. 9 1. 10 5. 3 ND ND 

Ile 60 . 1 81 . 5 59 . 2 58 . 8 24 . 1 31. 2 25 , 9 28 . 8 

Leu 128 . 2 128 . 4 125 . 9 125 . 3 64 . 6 72. 3 40 . 1 69.5 

Tyr 36.8 37 . 9 38.0 37.6 35.5 26.5 ND ND 

Phe 47.3 49.6 48.2 47.7 43. 6 38 . 8 ND ND 
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3.6 NH
2 

- terminal Amino Acids 

A summary of the dansylated amino acids observed is 

given in Table 9, 

Table 9: 

RUN 1CS) 

RUN 2CS) 

RUN 3 

RUN 4 

RUN 5 

NH
2
-t er~innl amino acids of LDL apoproteins 

determined by dansylation. Bracketed amino acids 

present in trace amounts. 

Peak L-1 ala gly Cser) 

L-2 ala gly 

L-3 ala gly 

Peak L-1 ala gly Cser) 

L-2 ala gly 

L-3 ala gly 

Peak L-1 ala gly 

L-2 ala gly Cser) Cglu) 

L-3 ala gly Cser) (glu) 

Peak L-1 ala gly 

L-2 ala gly 

Peak L-2 ala gly (glu) 

L-3 ala gly Cser) (leu) 
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Chapte r 4 

DISCUSSION 

4 .1 Protein Re cov ery 

The LDL protein obtained from pig serum in the present 
7. 

study was c onsiderably less t han the valu e of 50 mg/100 cm 7 serum 

fo und by Janado et al. (1966) . However the 20 - 25 mg protein 

collected f r om 100 cm3 serum did not represent a quantitative 

r ec ov ery , as only the upper portions of the fl oating LDL layers 

were collected after centrifugation to reduce the possibility of 

contamination by other ser um p roteins. 

The single determination of lipid content of LDL was in 

agreement with the v alue of 80% report ed i n p i gs by Janado et al. 

(1 966) and by Fidge (1973). It i s also similar to the p rop ortion 

of lipid foun d in human LDL. 

The recovery of a p oproteins soluble in 0 . 2 M Tris - HCl in 

8 M urea at pH 8.4 was improved significantly by suc c inylation of 

native LDL prior to delipidation. Recovery of apoproteins from 

succinylated LDL varied with delipidation technique and was highest 

(95%) when Method I was used. The 95% recovery was achieved when 

the aqueous phase was maintained at its original volume throughout 

the delipidation process. 
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ApoLDL precipitated from solution during delipidation 

could only be redissolved in buffer to a very limited extent. 

The delipidation procedures involving lyophilisation 

( Me thods II a nd III) yielded lower recoveries of soluble a popro-

teins than Method I. This was due to the difficulty in 

redissolving the apoproteins solidified by lyophilisation. 

Porcine apoLDL appears to be somewhat less soluble than 

r a t apoLDL. Koga et nl. (1971) r eported that r a t s e rum apoLDL 

prepa red by solvent extraction of LDL at -10°C in th e presence of 

SDS was c ompl etely soluble in 0.01 M Tris-HCl in 8 M urea a t pH 8.6. 

4. 2 Homogeneity of LDL 

Electrophoresis o f LDL on 3.75% a crylamide gels in the 

abs ence of urea showed LDL to be a single band which moved only a 

small way int o the gel. This was also found by Fidge (1973). 

Analytical ultracentrifugation showed LDL to be composed 

of two subunits. This was also found by Fidge who carried out 

sedimentation runs with porcine serum LDL in a solvent of density 

1.006 g/cm3• Although he considered LDL to be essentially 

homogeneous, a minor, faster sedimenting component was observed. 
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4.3 Gel Filtration 

Gel filtration of both succinylated and unsuccinylated 

LDL delipidated by Method I gave 3 peaks with similar distribution 

coefficients. The peaks of unsuccinylated apo1D1 were of comparable 

size but succinylated apoLD1 had significantly more protein eluted 

in peak 1-1. This suggests that the protein solubilised on 

succinylation was all or mostly the peak 1-1 protein. 

The variation in elution patterns between delipidation 

techniques suggests that different apoproteins are rendered more 

or less soluble by the different treatments. 

Delipidation by Method II gave an elution pattern lacking 

peak L-1. The insolubility of this apoprot ein is du e to a change in 

its solubility properties, possibly brought about by lyophilisation. 

Delipidation by Method III produced apoLDL with an elution pattern 

lacking both peaks L-1 and L-3. Only the protein of peak L-2 

remained soluble after this treatment. 

Variations in the elution patterns of the apoproteins 

could be in part due to seasonal variation in LDL, The delipi-

dation experiments were carried out on serum samples collected 

throughout a 12 month period. Differing demands on the lipid 

transport system, due to the marked difference in summer and 

winter fattening diets for pigs, may produce seasonal variations 

in the apoproteins of LDL. Further investigation would be 

required to determine if this is a significant factor. 

Completeness of delipidation would also have some bearing 

on the elution patterns. The presence of even small amounts of 
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lipid could be expected to have an i nfluenc e on the e l ution patterns 

of th e apoproteins. Phosphorus det erminati ons showed t hat l ess 

than 0 .5% by weight of phospholipid was presen t af t er delipidation 

by Me t hod I, insufficient t o effect a measurable change in elution 

pat t erns . Ph ospholipid determina tions were not carried out on 

apoLDL p r epared by Methods II and III and so there exis ts the 

possibility that the e lution patterns of apoproteins pre p a r ed by 

these techniques may have been influenced by the presence of 

r esidual phospholipid. 

Fidge (1 973) found the e lution pattern for porc i ne serum 

ap oLDL on Sepha dex G- 200 to be a slightly included singl e peak. 

It is difficult to r elate this r esult to the elution p a tt e r ns found 

in the p r esent study. In both experiments the elution buffers were 

in 8 M urea and it is unlikel y tha t the differences in eluti on 

p a tterns could be att ributed to the slight difference in Tris 

c oncent r ation between t he buffer s . 

Koga et al. (1 971), using r a t serum, pr epared apoLDL by 

a solvent extrac ti on t e chnique . Th e elution p a ttern of th e 

apoproteins from Sephadex G-200 with 0.01 M Tris-HCl in 8 M urea 

was simila r to that in the present study with three peaks being 

eluted. 

The single void volum e peak found by Bersot et~- (1970) 

on gel filtration of rat serum apoLDL, and by Fidge (1973) with 

pig serum apoLDL could be due to the binding by the apoprotein of 

abnormally large amounts of the SDS present in the elution buffer 

used in both studies. SDS binding measurements were not reported 

by the authors . SDS was not a component of the elution buffer 
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used in the present study or of that used by Koga et a l. (1971), 

where gel filtration resolved apoLDL into more than one peak. 

4.4 Molecula r weight determination 

The presen ce of 8 M urea in the elution buffer reduced 

the fr a ctionation range of Sephadex G-100 from 4,000 - 150,000 

daltons to approximately 10,000 - 40 , 000 daltons. This is a 

result of the action of urea in reducing the size of the dextran 

beads and extending the conformation of the proteins. The mole-

cular weights of peaks L-1 and L-3 are close to the limits of 

resolution of Sephadex G-1 00 under these conditions and further 

studies using othe r grad€s of Sephadex are required to confirm the 

molecular weight as determined by gel filtration . 

The mol e cular we ight determinations by SDS -polyacrylamide 

ge l electrophoresis were in agreement with the three results from 

ge l filtration. However succinylated LDL gave so~e bands of 

higher molecular we i ght on electrophoresis. These higher values 

could have been due to aggregates of the lower mole cular weight 

species but are more likely to be due to the binding of l arger 

amounts of SDS. 

Molecular weights for the major comp onent of human LDL 

have been reported by Pollard et al. (1969) as 25t000 - 27,000 

daltons and by Scanu et al. (1968) as 36,000 - 38,000 daltons. 

The higher molecular species found in the SDS-polyacrylamide gel 

experiments were closer to the molecular weight of 64,000 daltons 



reported for human apoLDL by Shore & Shore (1 96 7). Day & Levy 

(1968) reported an even higher value of 80,000 daltons , determined 

by gel filtration on Sephadex G- 200 . 

Smith et al. (1972) claim human LDL apoprotein t o be 

homogeneous and in the order of mo l ecul ar weight 255 , 000 d.altons 

as determined by SDS-polyacrylamide ge l e l ectrophoresis, gel fil-

tration and equilibrium ultracentrifugation. The values obtained 

from electrophoresis and gel filtration were derived from 

extrapolation of the behaviour of much low e r molecular weight 

standard marker p roteins. From the molecular weight of whole 

LDL and the percentage compos ition of protein , Smith et.'!!• 

calculated that each LDL particle comprises 2 of the 255,000 dalton 

protein chains . 

4 . 5 The Apoproteins 

Amino acid analyses showed significant differences in 

composition between L-1, L-2 and L- 3, The r esults of NH
2

-terminal 

group determinations suggest that all three consist of two chains 

with glycine and alanine NH
2

-terminal groups. 

The amino acid composition of L-1 is in close agreement 

with that published by Fidge (1973) representing all the apo­

proteins present in pig serum in the density range 1.019 -

1.063 g/cm3 • L-1 is also very similar in amino acid composition 

to the apoproteins of human LDL (Granda & Scanu, 1966; Margolis 

& Langdon, 19E6a; Lee & Alaupovic, 1970; Smith et al., 1972) , and 

to the apoproteins of rat LDL (Koga et tl•, 1971). Rat serum 
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apoLDL was resolved to three peaks , PI, PII and PIII by gel filtra­

tion in studies by Koga et al. (1971)0 PI, considered to be the 

count e rpart of R-ser or B protein in hu• an 1D1, was found to be the 

predominant component with very close similarity in awino ac id 

composition to 1-1 of tho present study . Of the other two peaks , 

PII and PII I, only PII had b een analysed, showing an amino acid 

composition with some similarit y to 1-2 and 1-3, the resemblan ce not 

being as close as PI to L-1. 

Amino acid analyses of 1D1 from all species a r e 

characterised by h i ghe r l evels of aspartic a cid, glut amic acid, 

serine and t o a l esser extent leucine. These trends are not 

restricted to LDL but a re found to some extent in other lipoprotein 

classes and are a characteristic of most serum proteins . 

Another feature of the amino ac id composition is t he 

rati o of hydrophili c to hydrophobic a~ino acids which is approximat-

ely unity . This is not unexpected if equal a • ounts of polar 

r es idues are present on the surface, to int e ract with th o a que ous 

environment , and non polar residues are present in the core of 

the particle , to interact wi th the non polar esterified lipid . 

The NH
2
-t er~inal r esidue determinations were not in close 

agre ement with the r esults of Fidge (1 973 ) who reports the 

presence of three major (aspa rtic acid, glutamic a cid and alanine) 

and two minor NH
2

- termi nal r e sidues (glycine and leucine). 

However , four of the five residues are common although discrepancies 

exist as to their relative proportions. The finding of more than 

one NH
2
-t erminal amino acid appears to conflict with other of 

Fidge's results indicating homogeneity of the 1DL apoprotein. 
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Lee & Alaupovic (1970) divided human LDL i nto several 

subfractions according to density and found the auino ac i d 

compo s itions to vary slightly . The variation was considered to 

be due to the presence of two unequally distributed apoproteins i n 

LDL If this were the case with porcine LDL the presence of two 

major NH
2
-terminal amino ac ids would l end support to this hypothesis . 

4. 6 Conclusion 

Studies on the apoproteins of LDL have been severely 

hampered by the insolubility of the protein moiety. Inconsist -

encies between workers arising from differing techniques of 

dclipidation and solubilization of the protein have made results 

difficult to interpret . The deve l opment of a standard technique 

providing comp l ete delipidation r esulting i n a soluble apoprotein 

will be a major step toward a complete unders tanding of the 

nature of LDL. 

Comp r ehension of t he nature of LDL wi ll g ive a greater 

insight into its function and its metabolic relationship with 

other classes of lipoproteins . 
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SUMMARY 

1. LDL (density 1.006 - 1.063 g/cm3 ) was isolated froQ porcine 

serum by ultracentrifuga tion. 

2 . LDL moved as a single band on 3 .75% acrylamide gels but 

analyt ical ultracentrifugation showed it to have two 

components, a major one of Sf 3 .4 and a minor one of Sf 2 . 3 . 

3 . Lipid free apoprot eins , prepar ed by solvent extraction of 

aqueous LD1, were resolved into 3 components (1-1, 1 - 2 , 

1-3) by ge l filtration on Sephadcx G-100 eluted with 

0 .2 M Tris-HCl in 8 M u r ea at pH 8 . 4 . 

4. The molecul a r weights of 1 - 1, L- 2 and 1-3 as determined by 

ge l fi ltration and electrophoresis on 10% acrylamide with 

0 . 1% SDS we r e 34 ,ooo , 22 , 000 and 12,500 respectively . 

5. The amino a c id compositions of 1-1, 1-2 and 1-3 were not 

the same . The composition of 1-1 was very similar to the 

composition of human and r at apo1D1 . 

6. The major NH
2
-t e r minal amino acids of L-1, L-2 and 1-3 

were a l anine and glycine, suggesting tha t each apoprotein 

comprised two chains. 
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