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SUMMARY A new method of partial delipidization of 
serum lipoproteins has been developed which removes neutral 
lipids preferentially and yields phospholipid-pro tein residues 
in soluble form without the use of detergents. Purified serum 
lipoprotein fractions were lyophilized in the presence of insolu- 
ble starch, which protected the proteins against damage during 
fre&ing, and the dry lipoproteins were partially delipidized by 
consecutive extractions with n-heptane. All neutral lipids and 
some phospholipids, mainly lecithin, were removed. Soluble 
phospholipid-protein residues were recovered by extraction 
with buffer solutions in yields ranging from 50 to 90%. 

The characteristic differences in the phospholipid-protein 
ratios between individual lipoprotein fractions are probably 
determined by the binding properties, dependent on primary 
structure, of the corresponding protein moieties. 
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S OLVENT EXTRACTION of serum lipoproteins has fre- 
quently been utilized in studies of the chemical nature 
of their protein moieties and of the nature of the binding 
forces between lipids and proteins (1). 

Complete extraction of lipids can be achieved only 
after the removal of water molecules which are essential 
to the structural integrity of the lipoproteins (2). De- 
hydration can be accomplished either by addition of 

Abbreviations: Sf, flotation rate, expressed in Svedberg units 
(10-la g-cm/dyne sec) of flotation in NaCl medium, density 1.063 
g/ml at 26O; Sfo, flotation rate at infinite dilution; VLD-lipo- 
proteins, very low-density lipoproteins, d 1.006 and Sf > 20; a- 
lipoproteins, high-density lipoproteins, d 1.063-1.21 g/ml ; 
@-lipoproteins, low-density lipoproteins, d 1.006-1.063 and St 0- 
20. 

* Present address: Sahlgrenska sjukhuset, The University of 
Goteborg, Goteborg, Sweden. 

methanol or ethanol or by freeze-drying the lipoprotein 
solutions. 

The extraction of a-lipoproteins by an alcohol-di- 
ethyl ether mixture at  low temperature (3) resulted in a 
water-soluble, lipid-free protein with an unimpaired 
recombining capacity toward lipids (4). Application of 
the same procedure for the extraction of b-lipoproteins 
( 5 )  and VLD-lipoproteins (6), however, yielded protein 
residues that were insoluble in water. 

Dehydration by freeze-drying procedures (7,8) 
caused denaturation of serum lipoproteins. However, it 
has been shown that glycerol, glucose, and sucrose will 
partially protect lipid-protein complexes, including @- 
lipoproteins, against denaturation by freezing at  - 37 O 

(9). To protect the plasma clearing factor during its 
purification by substrate complex formation (lo), a mix- 
ture of plasma and artificial fat emulsion was lyophilized 
in the presence of insoluble starch. 

The extraction of serum lipoproteins by nonpolar or- 
ganic solvents without prior dehydration results in only 
partially delipidized products. The procedure of McFar- 
lane (ll),  employing diethyl ether as solvent, has been 
modified and used under different conditions ( 5 ,  8, 12, 
13, 14) for the preparation of partially delipidized lipo- 
proteins. These studies have indicated that neutral 
lipids were extracted in preference to phospholipids and 
that a low yield of water-soluble lipid-protein residues 
was accompanied by the formation of an emulsion phase 
( 5 ,  8) containing residual water-insoluble protein and 
various lipids. The latter consisted primarily of phospho- 
lipids. 

The extractability of lipids by nonpolar solvents can 
be increased by the addition of soaps (15) or detergents 
(16, 17). Treatment of a- and &lipoproteins with diethyl 
ether in the presence of detergents results in nearly 
quantitative removal of triglycerides and cholesterol, 
but only partial removal of phospholipids. I t  has been 
suggested that the detergent forms a detergent-lipo- 
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protein micelle (1 6), thus allowing a deeper penetration 
of diethyl ether and a more complete extraction of 
lipids. 

Since the partial delipidization of serum lipoproteins 
by organic solvents has been established as a valuable 
technique for studying the lipoprotein structure as well 
as the nature of the bonds between lipids and proteins, 
the development of a method which would provide im- 
proved yields of water-soluble lipid-protein residues of 
reproducible composition would be of value. In order to 
remove neutral lipids preferentially and to preserve the 
phospholipid-protein residues in soluble form without 
the use of detergents, serum lipoproteins have been 
lyophilized in the presence of starch as a protective agent 
and extracted by the nonpolar solvent n-heptane (18). 
The present communication describes the application of 
this new method for the partial delipidization of a- and 
@-lipoproteins, and various subfractions of VLD-lipo- 
proteins, and the chemical composition of the cor- 
responding lipid-protein residues. 

METHODS 

Blood samples were obtained from fasted healthy sub- 
jects for the isolation of a- and @-lipoproteins and from 
patients with hyperglyceridemia for the isolation of 
VLD-lipoproteins. The blood was allowed to clot and 
serum was recovered after low speed centrifugation. 

Isolation of Lipoproteins 
Serum lipoproteins were obtained by sequential pre- 
parative ultracentrifugation carried out in the No. 40 
rotor of the Spinco Model L ultracentrifuge at 4'. Five 
VLD-lipoprotein subfractions were isolated at density 
1.0055 g/ml utilizing successively increased speeds and 
times of ultracentrifugation (19). The buffer solution 
(1.42 g of Na2HP04, 7.27 g of NaCl and 0.1 g of di- 
sodium EDTA per liter), density 1.0055 g/ml at 25', was 
adjusted to pH 7.0 with N HC1. Fraction A (Sf >5000) 
was isolated as the top layer after centrifugation at 
10,000 X g for 10 min, fraction B (Sf 400-5,000) at 20,000 
X g for 30 min, fraction C (Sf 100-400) at 80,000 X g 
for 60 min, fraction D (Sf 50-100) a t  105,000 X g for 2 
hr, and fraction E (S, 20-50) at 105,000 X g for 
22 hr. After removal of VLD-lipoproteins a t  den- 
sity 1.019 g/ml, 8- and a-lipoproteins were isolated 
at densities 1.063 g/ml and 1.210 g/ml, respectively, ac- 
cording to the technique described by Bragdon, Havel, 
and Boyle (20). Each lipoprotein fraction was recentri- 
fuged three times under identical conditions to remove 
contaminating proteins, including albumin. The repeated 
centrifugations resulted also in a desirable concentration 
of the lipoprotein preparations. 

Elecfrophor eSi8 

The course of the purification of lipoprotein fractions 
was followed by electrophoresis on cellulose acetate or 
starch gel. The former was performed according to the 
technique described by Kohn (21) employing barbital 
buffer, pH 8.6, ionic strength 0.075, and the latter by the 
technique of Poulik and Smithies (22) utilizing a dis- 
continuous system of buffers (23). 

Thin-Layer Chromatography 

Glass plates (20 X 20 cm) were coated with Silica Gel G 
(E. Merck, Darmstadt, West Germany) by use of a 
Desaga applicator (24). Plates were developed with 
petroleum ether-diethyl ether 95:5 (v/v) and the spots 
detected by spraying with 50% (v/v) sulfuric acid and 
subsequent charring. 

Partial Delipidization by n-Heptane 
Lipoprotein fractions were dialyzed for 48 hr at 4' 
against four changes of distilled water containing 0.01% 
disodium EDTA, pH 7.0. To each milliliter of lipopro- 
tein solution, containing approximately 0.2570 of pro- 
tein, 100 mg of insoluble, purified potato starch powder 
(J. T. Baker Chemical Company, Phillipsburg, N. J.) 
were added by stirring. Portions of such mixtures, con- 
taining 5-25 mg of lipoprotein protein, were quickly 
frozen in an acetone-dry ice bath at -70°, lyoph- 
ilized for 6-8 hr, and stored in a desiccator over 
PzO6 at 4'. Samples were stored in this manner for as 
long as 4 months without any apparent changes. 

Partial delipidization of lyophilized lipoprotein frac- 
tions was accomplished by several extractions with 
n-heptane at  - 12'. During each extraction the mixture 
of dried lipoprotein and starch was shaken vigorously 
with 40 ml of n-heptane (spectranalyzed grade, Fisher 
Scientific Company, Houston, Tex.). The first extrac- 
tion was performed for 60 min and each additional ex- 
traction for 20 min. After each treatment with solvent 
the lipoprotein-starch mixture was sedimented by low 
speed centrifugation for 10 min at 4', the n-heptane de- 
canted and fresh solvent added. The heptane extracts 
were evaporated under nitrogen and reduced pressure 
and the residues monitored by thin-layer chromatog- 
raphy for the presence of sterols, sterol esters, triglyc- 
erides, and phospholipids. The absence of neutral 
lipids in heptane extracts was the main criterion for 
discontinuing further delipidization. The number of 
extractions varied from one sample to another and de- 
pended primarily on the amount of lipoprotein protein. 
Samples containing less than 10 mg of lipoprotein pro- 
tein usually required five extractions. Larger samples 
required up to 15 consecutive extractions with heptane 
before they were free of neutral lipids. 
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The final sediment was dried under nitrogen for 30 
min at 4' to remove the last traces of heptane, extracted 
with 4 volumes of 0.05 M phosphate buffer, pH 7.0, or 
0.3 M borate buffer, pH 8.2, or 0.15 M NaCl at  4O, and the 
soluble lipid-protein residue was separated from the 
starch by low speed centrifugation. The dried mixture 
of lipid-protein residue and starch could be stored for 
several days without any apparent change, but the phys- 
ical-chemical characterization of phospholipid-protein 
residues was performed within 48 hr after extraction. 

Lipid Analyses 
For complete delipidization, the lipoprotein fractions 
and the lipid-protein residues were extracted with 
chloroform-methanol 2 : 1 (v/v). The lipid extracts 
were washed with 0.58% NaCl solution, the two phases 
allowed to separate overnight, and the chloroform layer 
dried with anhydrous Na2SO4. Total lipid content was 
determined gravimetrically in portions of the chloro- 
form extract evaporated under nitrogen and dried to 
constant weight over P 2 0 6  in a vacuum desiccator. Cho- 
lesterol was determined according to the method of 
Sperry and Webb (25), lipid phosphorus by the wet 
digestion procedure of Youngburg and Youngburg (26), 
with phosphate measurement by the method of Fiske 
and Subbarow (27), and triglycerides by the method of 
Van Handel and Zilversmit (28). The factor 25 was 
used to convert lipid phosphorus to phospholipids. 

Protein A4nalyses 
Protein was determined by a slightly modified method of 
Lowry, Rosebrough, Farr, and Randall (29). Turbidity 
caused by high concentration of lipids was removed by 
extraction with diethyl ether at  room temperature after 
the color had fully developed. 

RESULTS 

Partial Delipidimtion of Lyophilized Lipoprotein 
Fractions by n-Heptane 
The extraction of lyophilized lipoprotein fractions by n- 
heptane in the presence of starch resulted in a complete 
removal of neutral lipids and a variable removal of 
phospholipids (Table 1). The main phospholipid ex- 
tracted was lecithin. The product of the partial de- 
lipidization consisted of soluble residues characterized 
by pbospholipid/protein ratios varying from 1.6 for the 
Sf >5000 fraction to 0.8 for the a-lipoproteins. There 
was a remarkable difference in the extractability of 
phospholipids from various classes of lipoproteins : less 
than 5y0 of phospholipids could be removed from a- 
and @-lipoproteins but almost 65% from VLD-lipopro- 
tein fractions. Nevertheless, the phospholipid/protein 
ratios of VLD-lipoprotein residues retained relatively 

TABLE 1 COMPOSITION OF PHOSPHOLIPID-PROTEIN RESIDUES 
OBTAINED BY PARTIAL DELIPIDIZATION OF LIPOPROTEIN 
FRACTIONS BY I-HEPTANE ; AND THE PERCENTAGE RECOVERY 

OF PROTEIN 

Phospholipid/ 
Protein Neutral Phospho- 
Ratio Lipids lipid Recovery 

Lipo- Extracted Extracted of 
protein Lipo- Soluble by by Soluble 

Fraction protein Residue n-Heptane n-Heptane Protein 

Sf > 5000 
Sf 400-5000 
Sr > 400 
Sf 100-400 
Sf 50-100 
Sf 20-400 
B 
01 

m d m g  m d m g  
4.7 1 . 6  
3.8 1.4 
3.5 1.3 
2.6 1 .3  
1.4 1 . 2  
1.8 1.2 
0.8 0.7 
0.9 0.8 

% 70 
100.3 - 
100.2 - 

100.0 65.3 
99.9 53.7 

100.0 - 
99.2 48.8 
99.8 1 . 5  

100.0 4.2 

7 6  

53 
48 
93 
93 
44 
60 
10 

100 

high values. The recovery of soluble residues obtained by 
delipidization with n-heptane was relatively high for 
most lipoprotein fractions (Table 1). The only exception 
was a very low yield of soluble residue from 8-lipopro- 
teins. The low yield could be increased to 5oY0 by using 
a buffer containing 2 M urea for the extraction. 

The sequential removal of neutral lipids and phos- 
pholipids by consecutive extractions of lipoprotein frac- 
tions with n-heptane was followed routinely by thin- 
layer chromatography and by the quantitative deter- 
mination of total cholesterol, triglycerides, and phos- 
pholipids in corresponding extracts. The results of these 
procedures applied to the Sf 20-400 fraction are pre- 
sented in Fig. 1 and Table 2. The major portion of cho- 
lesterol, cholesterol esters, and triglycerides was removed 
by the first two extractions and only traces of these 
lipids were detected in following steps (Fig. 1, extracts 
1-5). The complete extraction of phospholipid-protein 
residue showed the presence of only one spot, corre- 
sponding to phospholipids (Fig. 1, extract 6 ) .  Thin- 
layer chromatography revealed an interesting difference 
in the extractability of free and esterified cholesterol 
from @- and a-lipoproteins. Free cholesterol was more 
tightly bound than cholesterol esters in @-lipoproteins 
and less so in a-lipoproteins. 

In contrast to neutral lipids, the removal of phospho- 
lipids appeared to be a slow and continuous process. 
The extraction of residues free from neutral lipids re- 
sulted in a further removal of small amounts of phospho- 
lipids (Table 2). To  obtain residues of constant phospho- 
lipid/protein ratios the delipidization procedure was 
terminated after the last traces of cholesterol and tri- 
glycerides had been removed. Otherwise, the continued 
extraction of phospholipid resulted in a diminishing 
phospholipid/protein ratio and yield of soluble protein. 
The number of consecutive extractions required de- 
pended on the total amount of protein in the original 
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FIG. 1 .  Thin-layer chromatography of lipid extracts from the VLD-lipoprotein fraction, Sf 20-400. 1-5, live con- 
secutive heptane extracts of the lipoprotein-starch mixture. 6, chloroform-methanol extract of the phospholipid-protein 
residue. 

lipoprotein fraction. An example of reproducibility of 
the method applied to the VLD-lipoprotein fractions is 
shown in Table 3. 

fractions. Lovelock (9) has shown that during freezing, 
factors such as changes in pH, salt concentration, and 
osmotic pressure of the media caused denaturation of 
the lipoproteins of egg yolk and cell membranes. O n  the, 
other hand, denaturation of serum @-lipoproteins coin- 
cided directly with the removal of the last traces of 
water from the medium. Such irreversible damage 
could be explained either by assuming that water con- 
stitutes an essential part of the lipoprotein structure 
(8, 30) or that water Serves as a protective coating that 
prevents collisions between lipoprotein complexes (9). In  
either case water takes part in various types of associa- 
tions with the protein and lipid lnoieties within or be- 

DISCUSSION 

Anfinsen and Quigley (10) have shown that by lye- 
philization Of an enzyme-substrate complex consisting 
of lipoprotein lipase and coconut oil emulsion, and by 
subsequent extraction of lipids by n-hexane in the pres- 
ence of starch, an active ellzylne Preparation of a high 
degree of purity could he obtained. I n  the present study 
a modification of this procedure has been successfully 
applied for partial delipidization of serum lipoprotein 

T;\RLE 3 REPRODUCIRILI'TY 01; TIIE R-HEPTANE 

T;\RI,E 2 SEQUENTIAL REMOVAL OF LIPIDS BY PARTIAL DELIPIDIZATION PROCEDURE 
D E L I P I D I Z A T I O N  OF Sf 20-400 VLD-LIPROPROTEIN FRACTION 

RY R-HEPTANE Phospho- 
lipid! 

Phospho- Neutral Protein 
lipid Lipids Protein Ratio Cholesterol Phospholipid Triqlyrcritlr -~ -. ~~ ~~~ ~~~ 

!ne %* mg %* m' %* sf 100-400 fraction 
First extraction 11.38 92.6 2.54 57.7 93.00 77.4 Phospholipid- 
Second '' 0.85 6.9 0.46 10.6 25.50 21.2 Protein Residue I 
Third 0.06 0.5 0.48 11.0 0.71 0.6 Phospholipid- 
Fourth " 0.01 0.0 0.67 15.2 0.56 0.5 

0.00 0.0 0.24 5.5 0.30 0.3 Fifth 

Total extracted 12.30 100.0 4.39 100 .O 120.07 100 .O ,,eptane, Extract I 

m / m e  " me 

3.7 0 3 .4  1 .ll 

3.5 0 3.4 1.03 

~ . -  
me ~~~~ ~ --.. - ~ _ _ .  - 

Protein Residue I1  
~ ..- _ _ ~ _ _ _  .- ~ 

Sf > 20 fraction 
- 5.9 115.3 0 

Heptane, Extract I I 6 .3  117.5 0 - 

GUSTAFSOX , Purlial Delipidizalion of Lipproleins 

* Per cent lipid extracted by n-heptane. 
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tween lipoprotein complexes and contributes signifi- 
cantly to their structural stability. It has been found 
that compounds such as glucose, glycerol, and sucrose 
(9) can substitute for water molecules and protect serum 
and membrane lipoproteins against denaturation by 
freezing. It appears from the present delipidization 
experiments that starch, a water-insoluble compound 
rich in hydroxyl groups, offers essentially the same pro- 
tection to lipoproteins as water-soluble carbohydrates. 
Moreover, starch has an additional advantage over 
water-soluble carbohydrates in that the phospholipid- 
protein residues can be easily separated from the in- 
soluble starch. 

So far, partial delipidization of purified lipoprotein 
fractions by relatively nonpolar solvents has been con- 
ducted only in aqueous solutions, with the possible ex- 
ception of an attempt by Forbes, Forbes, and Petterson 
(31) to extract lyophilized whole serum by chloroform. 
However, only a partial removal of cholesterol was 
achieved, possibly because of the presence of serum 
proteins which prevented solution of the lipid. I t  has 
been shown recently (32) that the addition of 5% al- 
bumin was very effective in decreasing the extraction of 
cholesterol from lipoprotein solutions shaken with n- 
heptane. 

Our attempts to submit lipoprotein fractions to ex- 
traction by diethyl ether in a biphasic system resulted in 
an incomplete removal of neutral lipids and low yields 
of soluble residues. In general, residues obtained by di- 
ethyl ether extraction of most lipoprotein fractions had 
lower phospholipid/protein ratios than those prepared 
from the same fractions by extraction with n-heptane. 
A lower phospholipid content would explain the in- 
creased susceptibility to precipitation. Most of these diffi- 
culties have been successfully circumvented by extraction 
of a mixture of dried lipoproteins and starch with n- 
heptane. By increasing the surface area and exposing the 
lipoproteins in a dry state to closer contact with and 
deeper penetration by the solvent this procedure results 
in the complete removal of neutral lipids and partial re- 
moval of phospholipids. The great importance of the 
contact area between solvent and lipid-protein com- 
plexes has been demonstrated recently in an independent 
study (32) in which the extraction of cholesterol from 
lipoprotein monolayers spread between phosphate buffer 
and heptane varied from 54 to 100% depending on the 
completeness of lipoprotein spreading. 

I t  is of interest that a considerably higher percentage 
(5045%) of phospholipid can be extracted from VLD- 
lipoprotein than from a- and 8- lipoproteins. Neverthe- 
less, residues obtained from VLD-lipoproteins had rela- 
tively high phospholipid/protein ratios. These findings, 
in addition to supporting the earlier conclusions that 
phospholipids are attached to proteins by stronger bonds 

than neutral lipids, suggest that the difference in the 
amount of firmly bound phospholipids is probably deter- 
mined by the characteristic primary structure of each pro- 
tein moiety. 

Application of this procedure for the partial delipidiza- 
tion of VLD-lipoproteins (Sf > 20) has resulted in the 
isolation of three distinct phospholipid-protein residues 
characterized ultracentrifugally as 4S, 14S, and 7s (33). 
The 4s and 14s residues are similar to those obtained 
from a- and @-lipoproteins, respectively. The chemical 
characterization of all of these phospholipid-protein 
complexes will be presented in a separate communica- 
tion. 
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