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Ultracentrifuged plasma very-low-density lipoproteins (VLDLs; d < 1.006 kg/l) 
include groups of particles that are polydisperse in size and composition and het- 
erogeneous in origin [ 11. The commonly used methods applied to isolate VLDL 
subfractions are based on differences in size and hydrated density [ 21. Shelburne 
and Quarfordt [ 31 introduced the separation of VLDLs into two subfractions by 
means of affinity chromatography on heparin-Sepharose [3]. The unbound 
subfraction contained very little apolipoprotein E, whereas the subfraction bound 
to heparin-Sepharose was enriched with this apolipoprotein. Investigation of the 
function of both VLDL subfractions showed that only the bound subfraction was 
able to interact with the low-density lipoprotein (LDL) receptor [ 41. 

However, previous methods of lipoprotein subfractionation are limited because 
of need for large sample volumes, a long separation time, delipidation procedures 
or difficulties in the correct quantification of the separated fractions [ 3-71. Here 
we describe a new approach, involving use of fast protein heparin-Sepharose af- 
finity chromatography, for subfractionating and quantifying VLDLs. 

EXPERIMENTAL 

Materials 
A Model L 5-75 ultracentrifuge (Beckman Instruments, Munich, F.R.G.) with 

a 50.3 Ti rotor was used, with a fast protein liquid chromatographic system from 
Pharmacia (Uppsala, Sweden). For electrophoresis, the LKB Multiphor appa- 
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ratus ( LKB, Grafelfing) was used. Heparin-Sepharose CL-6B was obtained from 
Pharmacia. All other chemicals were analytical grade. 

Methods 
Preparation of VLDLs. Tubes containing 1 g/l EDTA were used to collect blood 

from fasting subjects either with a Type III (apolipoprotein E-2/2 phenotype) 
or Type IV (apolipoprotein E-3/3 phenotype) lipoprotein pattern [ 8,9]. After 
low-speed centrifugation, 3 ml of plasma were once diluted with saline (d = 1.006 
kg/l) in a polyallomer tube and ultracentrifuged at 160 OOOg for 24 hat 4°C [ lo]. 
VLDLs were obtained by slicing the tube and removing 2 ml of the upper layers. 

Fastprotein affinity chromatography on heparin-Sepharose. About 7 ml of swol- 
len gel were packed into a small column (10x 1.0 cm I.D.) and equilibrated with 
2 mmol/l sodium phosphate buffer (pH 7.4) containing 0.1 mol/l sodium chlo- 
ride. The column was run at a flow-rate of 1 ml/min at room temperature, and 1 
mg of VLDL protein was applied. The unbound subfraction was eluted with 17 
ml of equilibrating buffer and the bound subfraction was eluted with 17 ml of the 
phosphate buffer, containing 0.64 mmol/l sodium chloride. Column fractions were 
monitored at 280 nm and calculated by setting a threshold level of 2% relative to 
the full scale deflection. VLDL and lipoprotein subfractions were further quan- 
tified in mill&rams of total cholesterol. 

Analytical procedures. We determined total cholesterol enzymatically, using 
the sensitive oxidation reaction of iodine for detection of hydrogen peroxide 
(Merck kit, Darmstadt, F.R.G. ) . Further chemical analysis included free choles- 
terol (Merck kit ) , phospholipid and triglyceride (Boehringer kits, Mannheim, 
F.R.G.) by enzymatic methods, and protein by the Lowry procedure [II]. The 
albumin content was determined by radial immunodiffusion, using commercially 
available plates from Behringwerke (Marburg, F.R.G. ) . The apolipoproteins were 
identified by horizontal 10% polyacrylamide gel electrophoresis in 1% sodium 
dodecyl sulphate (SDS) [ 121 and by double immunodiffusion in 2% agar [ 131. 

The apolipoprotein E phenotype was assessed by horizontal isoelectric focus- 
ing on 6% polyacrylamide gels with 8 mol/l urea and 2% ampholytes, pH 3.5-9.5 
[ 141. We prepared pure apolipoprotein E and a monospecific antiserum against 
this apolipoprotein, as described previously [ 151. 

Differences between means were evaluated using Student’s unpaired t-test. 

RESULTS 

Heparin-Sepharose affinity chromatography 
Using the method described here, we were able to resolve an intact VLDL sam- 

ple into two major subclasses in less than 40 min. After a small peak, eluted in 
the void volume of the column, the unbound subfraction was eluted with the 
equilibrating buffer (0.1 mol/l sodium chloride) whereas the bound subfraction 
was eluted by increasing the sodium chloride concentration to 0.64 mol/l (Fig. 
1). In a series of ten experiments with the same VLDL sample from a Type IV 
subject, both subfractions accounted for 68.7 & 3.8% [mean + S.D.; coefficient of 
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Fig. 1. Fast protein affinity chromatography on heparin-Sepharose of VLDLs from a Type III subject. 
The arrows indicate the buffers containing 0.1 mol/I sodium chloride (unbound subfraction) and 
0.64 mol/l sodium chloride (bound subfraction), respectively. 

variation (C.V.) =5.5%] and 29.32 1.9% (C.V.=6.4%), respectively, according 
to calculations from monitoring at 280 nm. The peak areas increased linearly with 
concentration for samples containing 0.5,l.O and 1.5 mg of protein, respectively. 
Total recovery from the column was 89.1+ 5.6% (expressed in terms of total pro- 
tein after application of 1.0 mg) . When the material of the two major peaks was 
dialysed against saline (d= 1.006 kg/l) and rechromatographed, the unbound 
subfraction was again eluted entirely with the equilibrating buffer, and the bound 
subfraction again bound and was eluted entirely, with 0.64 mol/l sodium chloride, 
as a single peak. Addition of human albumin (up to 5% in the bound fraction) 
did not affect the binding properties at rechromatography. 

Composition of VLDL subfractions 
The two VLDL subfractions differed in their lipid and protein contents (Table 

I) : the bound subfraction contained more cholesteryl ester and protein (Lowry 

TABLE I 

PERCENTAGE COMPOSITION OF HEPARIN-UNBOUND AND -BOUND VLDL 
SUBFRACTIONS 

Values are expressed as mean + S.D.; Type III subjects n= 4, Type IV subjects n= 10. 

Free Choleataryl Phospholipid Triglyceride Protein* 
cholesterol ester 

Type III subjects 
Unbound VLDLs 
Bound VLDLs 

ll.O+S.l 5.8f 1.7 11.5+3.0 63.1 f 12.9 8.6 k 2.2 
8.5 f 1.9 17.4 + 6.9** 18.8k4.3 41.2 f 15.9** 14.1 ko.7’* 

Type IV subjects 
Unbound VLDLs 
Bound VLDLs 

8.5 f 3.2 5.3 z!z 2.4 11.2k2.8 67.2 It 12.5 7.8 k 2.5 
7.5 f 1.0 10.14 2.2** 13.8f6.9 54.1 f 8.4” 14.4 -t 4.8** 

*Protein= Lowry protein minus albumin. 
**Significantly different from unbound VLDLs at p < 0.05. 
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Fig. 2. SDS polyacrylamide gel electrophoresis of VLDL subfractions (ca. 15 m protein). 

TABLE II 

ABSOLUTE AND PERCENTAGE DISTRIBUTIONS OF CHOLESTEROL IN HEPARIN-UN- 
BOUND AND -BOUND VLDL SUBFRACTIONS 

Values are expressed as mean + S.D.; Type III subjects n = 4, Type IV subjects n = 10. 

Type III subjects Type IV subjects 

mg % mg % 

Unbound VLDLs 0.53 +- 0.08 41.0+6.3* 0.51+ 0.08 64.7k 10.1 
Bound VLDLs 0.76 t 0.03 59.0 + 2.5* 0.28 f 0.06 35.3k 6.9 

*Significantly different from Type IV subjects at p < 0.05. 

protein minus albumin) and less triglyceride than the unbound. VLDL subfrac- 
tions from the Type III subjects did not differ from that from the Type IV sub- 
jects. The small peak, eluted in the void volume of the column, contained 
unresolved VLDLs. The protein profiles of the two subclasses of VLDLs were 
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displayed by SDS polyacrylamide gel electrophoresis, as shown in Fig. 2. Apoli- 
poproteins B, E and C and albumin were identified by co-electrophoresis with 
authentic standards. Unlike the unbound subfraction, the bound subfraction con- 
tained most apolipoprotein E. In addition, only this fraction contained immu- 
nodetectable apolipoprotein E, as determined with a monospecific apolipoprotein 
E antiserum. 

Distribution of VLDL subfractions from Type III and Type IV subjects 
Because of the albumin contamination within VLDLs we routinely determined 

the concentrations of total cholesterol in VLDL and its subfractions. Table II 
shows absolute and percentage distributions between both VLDL subfractions 
from Type III and Type IV subjects. The portion of the bound subfraction from 
Type III subjects was 1.7 times greater than that from Type IV subjects. 

DISCUSSION 

Recent advantages in development of fast protein liquid chromatographic tech- 
niques provide an alternative method for isolation of lipoprotein fractions within 
a very short time and with high protein yields [ 161. In this study we show that a 
small sample of human VLDLs can be easily separated into two distinct subfrac- 
tions by affinity chromatography on heparin-Sepharose. The high resolving power 
is combined with a very high reproducibility and linearity of response over an 
adequate concentration range. 

The chemical composition and the apolipoprotein distribution of the VLDL 
subfractions confirm the results of previous investigators [ 3,4,6] that cholesteryl 
ester and apolipoprotein E are in particularly high concentrations in the bound 
subfraction. The determination of cholesterol with a sensitive method allows the 
direct quantification of this VLDL subfraction. 

The different percentage amounts of apolipoprotein E enriched VLDLs from 
Type III and Type IV subjects is consistent with the idea of Nestel et al. [ 171 
that these VLDLs may represent partially catabolised triglyceride-rich lipopro- 
teins (remnants), which one would expect to accumulate in Type III dyslipopro- 
teinemia [ X3] , This method does not allow the differentiation of remnants derived 
from liver or intestine. However, the binding of these lipoproteins to cell recep- 
tors is only dependent on apolipoprotein E [ 191. The rapid and precise assess- 
ment of apolipoprotein E enriched VLDLs allows, therefore, further insight in 
the atherogeneity of hypertriglyceridemia. 
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