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Sialylated and desialylated low-density lipoproteins from human blood are shown to differ mark- 
edly in physicochemical parameters. The latter lipoproteins have a smaller particle size, are 
denser and more electronegative, and tend to aggregate more readily than the former. 
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We showed previously that human blood contains 
low-density lipoproteins (LDL) that are low in sialic 
acid (desialylated LDL) and cause lipid accumulation 
in cell culture [7]. The lipid and carbohydrate com- 
positions of desialylated LDL were described in ear- 
lier reports. Here we examine the physicochemical 
characteristics of these lipoproteins. 

MATERIALS AND METHODS 

Pooled blood plasma from 24 men and 6 women (age 
range 28-48 years) suffering from ischemic heart dis- 
ease with angiographically documented atherosclerosis 
was used. LDL (1.019-1.063 g/ml) were isolated by 
ultracentrifugation [4]. Sialylated and desialylated LDL 
were separated, as previously described [7], by lectin 
chromatography on dcin agglutinin (RCA12o) covalently 
bound to agarose. 

The aggregation of LDL was estimated by mea- 
suring fluctuations in the optical density of a suspen- 
sion of them [6]. The sizes of the aggregates, as well 
as of free LDL particles, were measured by the met- 
hod of quasielastic laser scattering using an Autosizer 
2 device (Malvern Instruments). 

LDL were fractionated according to density by 
ultracentrifugation in a NaCI/KBr density gradient [5]. 
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RESULTS 

Measurements of particle size by quasielastic laser 
scattering yielded a mean value of 26.8 nm for si- 
alylated LDL and 24.5 nm for desialylated LDL. Simi- 
lar values were obtained using native electrophore- 
sis in polyacrylamide gel: 26.2 nm and 22.9 nm for 
sialylated and desialylated LDL, respectively. 

On agarose gel electrophoresis, desialylated LDL 
moved toward the anode 1.2 to 1o3 times as fast as 
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Fig. 1. Aggregation of sialylated (1) and desialylated (2) LDL from 
patients with ischemic heart disease. Lipoproteins were incubated 
in medium 199 containing 5% fetal calf serum, at 37~ Mean 
particle size was determined by measuring fluctuations in the optical 
density of LDL suspensions. 
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Fig. 2. Protein (a) and sialic acid (b) levels in sialylated (1) and desialylated (2) LDL fractions of different densities, and the effect of 
LDL density on intracellular cholesterol accumulation (c). LDL particle density values (g/ml) are shown on the right ordinate in a; LDL were 
fractionated according to density by gradient ultracentrifugation; 3: density gradient. 

did sialylated LDL, which indicates that their electrone- 
gativity is greater. 

The rates at which LDL aggregate were estima- 
ted during their incubation at 37~ in medium 199 
supplemented with 5% fetal calf serum. The mean 
particle size of sialylated LDL remained virtually un- 
changed throughout the 24-h incubation period, whe- 
reas that of desialylated LDL had increased approxi- 
mately fivefold by the end of this period (Fig. 1), indi- 
cating that the latter LDL are prone to aggregate. 

The distributions of LDL by density are shown in 
Fig. 2. In the case of desialylated LDL there is a 
clear shift toward higher densities (Fig. 2, a). Particle 
density has little effect on the sialic acid content of si- 
alylated LDL (Fig. 2, b). In the low density region (1.019- 
1.035 g/ml), the sialic acid content of desialylated LDL 
is approximately half that of sialylated LDL; it decreases 
markedly with increasing particle density (Fig. 2, b). 

Figure 2, c shows how LDL of different densities 
affected cholesterol accumulation in cultured smooth 
muscle cells from human aorta. It can be seen that the 
"dense" desialylated LDL (1.035-1.063 g/ml) increased 
cholesterol accumulation by the cells 2-6 times, whe- 
reas sialylated LDL had little or no effect on choles- 
terol accumulation. 

Thus, sialylated and desialylated LDL show mar- 
ked differences in their physicochemical properties. 

Desialylated LDL have smaller particle sizes than si- 
alylated LDL and are denser. Their high electrophoretic 
mobility points to their greater electronegativity. 

Austin et al. [1] and our studies [3] have dem- 
onstrated the existence of small/dense LDL low in si- 
alic acid. As found in our laboratory, the "electrone- 
gative" LDL, first described by Avogaro et al. [2], 
contain lower sialic acid concentrations [3]. These 
findings, together with the results of the present stu- 
dy, suggest that the lipoprotein particles of various 
modified LDL have similar physicochemical param- 
eters and possibly represent the same multiply modi- 
fied low-density lipoproteins. 
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