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Since essentially all of the lipid of human serum
appears to be present in the form of lipoprotein
complexes which can be separated into distinct
fractions by electrophoresis, chemical fractionation,
or ultracentrifugation techniques, the composition
of these lipoprotein fractions has attracted interest.
Consequently, lipoprotein fractions have been ana-
lyzed for protein, cholesterol, cholesterol ester,
triglyceride and total phospholipid content. The
phospholipid of serum, however, is composed of
several components which may have different func-
tional roles. Since in previous studies (1, 2) it
was shown that the principal serum phospholipid
components, consisting of lecithin, sphingomyelin,
lysolecithin, and phosphatidyl ethanolamine, could
be separated by chromatography on silicic acid and
then quantitated, the present investigation was car-
ried out to determine the distribution of the indi-
vidual phospholipids among different lipoprotein
fractions. To isolate the lipoprotein fractions, the
technique of ultracentrifugation at various serum
densities (3, 4) as modified by Havel, Eder and
Bragdon (5) was used. Lipoprotein fractions of
density < 1.019, < 1.063 and > 1.063 were then
analyzed for the individual phospholipids, choles-
terol, cholesterol ester and triglyceride.

MATERIALS AND METHODS

Serum samples were obtained in the fasting state from
eight apparently healthy white adults (Table I).

Ultracentrifugation of the serum, begun within two to
three hours after withdrawal, was accomplished accord-
ing to the method of Havel, Eder and Bragdon (5). The
samples were centrifuged at 105,000 X G at 150 C. in the
No. 40 rotor of a Model L Spinco ultracentrifuge. Each
serum sample (except that from Subject E.Ri.) was di-
vided into three parts and processed as follows: 1) Five
to 8 ml. of serum was diluted to a density of 1.019 using
a NaCl-KBr solution of density 1.085, centrifuged for 22
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hours, and the top layer removed and extracted; 2) Four
to 6 ml. of serum was diluted to a density of 1.063 using
a NaCl-KBr solution of density 1.346, centrifuged for 22
hours, and the top and bottom layers separated and ex-
tracted; 3) Three to 5 ml. of untreated serum was ex-
tracted. In all of the samples, centrifugation resulted in
a distinct layer at the top and bottom of the tube with a
colorless zone about one-half the length of the tube in
between. The upper layer of the 1.019 density tube was
usually milky. The fractions were separated by slicing
the tube with a Spinco tube slicer at approximately the
center of the colorless zone.

The serum samples, which were not dialyzed before
extraction, were extracted with methanol-chloroform
(1: 1, v/v) and the extracts chromatographed on silicic
acid columns (1 Gm.) in order to determine the con-
tents of the individual phospholipids, cholesterol, choles-
terol ester and triglyceride (2). Certain of the extracts
were also chromatographed on silicic acid-impregnated
filter paper (Whatman No. 3) using 20 per cent methanol
in chloroform (v/v) as solvent. In addition, column
fractions were hydrolyzed in 6 N HOat 1100 C. for 18
hours in a sealed tube and chromatographed on filter
paper (Whatman No. 1) using butanol-acetic acid-water
(4: 1: 4, using butanol layer) as solvent for the nitrog-
enous components and acetone-water (4:1) as solvent
for inositol. These paper chromatograms were developed
by 1) spraying with ninhydrin in butanol, followed by
heating at about 1100 C. for five minutes, 2) the phos-
phomolybdic acid stain of Chargaff, Levine and Green
(6), and 3) the stain for inositol of Trevelyan (7) as
modified by Anet and Reynolds (8).

The column fractions were analyzed for phosphorus by
the method of Fiske and Subbarow (9), for cholesterol
and cholesterol ester by the method of Schoenheimer and
Sperry (10) as modified by Sperry and Webb (11), and
for ester bonds by the method of Rapport and Alonzo
(12).

RESULTS

The distribution of the total serum phospholipid
among the three density fractions (< 1.019,
< 1.063, > 1.063) of lipoproteins is recorded in
Table I. The fraction with density < 1.063 in-
cludes the fraction with density < 1.019, and the
values for a fraction with density 1.019 to 1.063
can be calculated by difference. Although there
was considerable variation between subjects in the
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TABLE I

Distribution of serum phospholipids in density fractions

Density of fraction Total
serum

Subject Sex Age <1.019 <1.063 >1.063 Recovery* lipid P

mM/L. %total mM/L. %total mM/L. %total % mM/L.
E. R. M 22 0.94 34.0 1.47 54 1.28 46 95 2.90
N. R. M 23 0.45 20.0 0.91 40 1.36 60 88 2.58
H. D. M 24 0.21 8.3 1.06 43 1.43 57 92 2.70
E. Ri. M 30 2.02 52 1.86 48 91 4.27
A. G. M 39 0.76 26.0 1.35 46 1.59 54 96 3.06
D. G. F 26 0.31 11.0 1.09 38 1.77 62 100 2.86
A. R. F 31 0.28 8.4 1.42 43 1.88 57 100 3.30
R. D. F 31 1.62 45 1.99 55 90 4.01

Average 0.49 18.0 1.37 45 1.65 55 94 3.21

* Per cent recovery of total serum lipid P from 1.063 density tube after centrifugation.

percentage of total serum phospholipid in the frac-
tion with density < 1.019, the fraction with density
< 1.063 showed less individual variation. The
mean phospholipid content was somewhat greater
in the fraction with density > 1.063 than in the
fraction with density < 1.063. The average re-

covery of, phospholipid in the totaled separated
fractions as compared to whole serum was 94
per cent.

The concentrations and relative distributions of
the individual phospholipids of each density frac-
tion are listed in Tables II through IV. The av-

erage relative distribution of the individual phos-
pholipids of whole serum in these subjects was as

follows: "cephalin," 4.8 per cent; lecithin, 68.2
per cent; sphingomyelin, 18.9 per cent; and lyso-
lecithin, 8.0 per cent. The "cephalin," although a

mixture, is composed predominantly of ethanola-
mine-containing phospholipid (2). As can be
seen in these tables, all four of the individual phos-
pholipids were found in each density fraction.
Moreover, the relative molar proportions of the

individual phospholipids in the fraction with den-
sity < 1.019 and in the fraction with density
< 1.063 were quite similar. But when comparing
the values in these fractions to those of the fraction
with density > 1.063, striking differences were

apparent. Although the relative amounts of
"cephalin" and of lecithin were similar, there was

relatively less sphingomyelin and more lysoleci-
thin in the fraction with density > 1.063. In fact,
even though the fraction with density > 1.063 in-
cluded on an average a little more than half the
total serum phospholipid, it contained about 40
per cent of the sphingomyelin and 75 per cent of
the lysolecithin. To illustrate this point, the molar
ratios of sphingomyelin-to-lecithin and of "cepha-
lin"-to-sphingomyelin in the fractions with den-
sity < 1.063 and density > 1.063 are tabulated in
Table V. From these figures, it is apparent that
in the fraction with density < 1.063, the mean

molar sphingomyelin-to-lecithin ratio was twice,
and the mean molar "cephalin"-to-sphingomyelin
ratio about one-half, the value found in the frac-

TABLE II

Phospholipid composition of fraction with density < 1.019 *

Subject "Cephalin" Lecithin Sphingomyelin Lysolecithin

mM/L. %totalt mM/L. %totalt mMIL. %totalt mM/L. %totalt
E. R. 0.043 4.6 0.59 62.6 0.26 27.2 0.053 5.6
N. R. 0.030 6.6 0.31 68.8 0.09 19.9 0.021 4.7
A. G. 0.038 5.0 0.50 66.1 0.18 23.8 0.039 5.1
A. R. 0.018 6.4 0.19 67.4 0.06 21.4 0.014 5.0

Average 0.032 5.7 0.40 66.2 0.15 23.1 0.032 5.1

* Samples on other subjects either not done or too inaccurate because of small quantity.
t Per cent of total phospholipid of this fraction.

490



PHOSPHOLIPID COMPOSITION OF HUMANSERUMLIPOPROTEIN4

TABLE III

Phospholipid composition of fraction with density <1.063

Subject "Cephalin" Lecithin Sphingomyelin Lysolecithin

mMIL. %total* mM/L. %total* mM/L. %total* mMIL. %total*
E. R. 0.068 4.6 0.98 66.4 0.37 25.4 0.053 3.6
N. R. 0.047 5.2 0.62 67.9 0.21 22.6 0.040 4.4
H. D. 0.053 5.0 0.70 65.6 0.28 26.4 0.031 2.9
E. Ri. t t 1.35 66.6 0.51 25.2 0.089 4.4
A. G. 0.055 4.1 0.89 66.0 0.34 25.1 0.065 4.8
D. G. 0.048 4.4 0.71 64.8 0.29 26.2 0.051 4.7
A. R. 0.051 3.6 0.93 65.3 0.39 27.1 0.058 4.1
R. D. 0.063 3.9 1.10 67.8 0.40 24.6 0.062 3.8

Average 0.056 4.4 0.91 66.3 0.35 25.3 0.056 4.1

* Per cent of total phospholipid of this fraction.
t Sample lost.

tion with density > 1.063. The mean molar sate of the second peak material (lecithin) of whole
lysolecithin-to-lecithin ratio in the fraction with serum extract showed only one major constituent
density > 1.063 was almost three times that in by paper chromatography (2), this peak material
the fraction with density < 1.063. was not analyzed in the individual density frac-

The ratios of free-to-total cholesterol and of tions. Acid hydrolysates of the first peak material
cholesterol-to-phospholipid found in the separate ("cephalin") of each density fraction and of the
fractions were similar to those reported by Brag- first peak material of whole serum extract (2) pro-
don, Havel and Boyle (13), and are not recorded duced similar chromatograms. By far the pre-
here. Nonphospholipid ester, presumably tri- dominating ninhydrin-reacting spot had the same
glyceride, was present in all of the fractions, but Rf as ethanolamine. Fainter ninhydrin-reacting
about 90 per cent was present in the fraction with spots were evident, one with the Rf of serine, but
density < 1.063 and 10 per cent in the fraction no spots staining with the phosphomolybdic acid
with density > 1.063. method were found. Acid hydrolysates of the

The following three density fractions of serum "cephalin" peak material of each of the fractions
from an apparently healthy nonfasting adult male also showed a spot with the Rf and staining prop-
were prepared according to the method of Havel, erties of inositol.
Eder and Bragdon (5) and chromatographed on Acid hydrolysates of the third peak material
silicic acid columns: 1) < 1.019, 2) 1.019 to 1.063, (sphingomyelin) of each of the three fractions
and 3) > 1.063. Column fractions were then ana- likewise produced chromatograms similar to the
lyzed for phospholipid constituents by the use of third peak material acid hydrolysate of whole se-
paper chromatography. Since the acid hydroly- rum extract (2), showing two spots staining

TABLE IV

Phospholipid composition of fraction with density > 1.063

Subject "Cephalin" Lecithin Sphingomyelin Lysolecithin

mM/L. %total* mM/L. %total* mM/L. %total* mM/L. %total*
E. R. 0.063 4.8 0.86 67.4 0.17 12.9 0.19 14.8
N. R. 0.061 4.5 0.94 69.2 0.16 11.9 0.20 14.5
H. D. t t 1.02 71.0 0.21 14.4 0.12 8.3
E. Ri. 0.110 5.9 1.32 71.1 0.22 11.9 0.21 11.1
A. G. 0.080 5.0 1.11 69.6 0.21 13.1 0.19 12.2
D. G. 0.106 6.0 1.19 67.0 0.27 15.1 0.21 11.9
A. R. 0.079 4.2 1.39 73.6 0.28 14.9 0.14 7.2
R. D. 0.117 5.9 1.40 70.4 0.28 14.3 0.19 9.4

Average 0.088 5.2 1.15 69.9 0.23 13.6 0.18 11.2

* Per cent of total phospholipid of this fraction.
t Sample lost.
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TABLE V

Molar phospholipid ratios in density fractions

Sphingomyelin/Lecithin "Cephalin"/Sphingomyelin

Subject <1.063 > 1.063 <1.063 >1.063

E. R. 0.38 0.19 0.18 0.37
N. R. 0.33 0.17 0.23 0.38
H. D. 0.40 0.20 0.19
E. Ri. 0.38 0.17 0.49
A. G. 0.38 0.19 0.16 0.38
D. G. 0.40 0.23 0.17 0.40
A. R. 0.41 0.20 0.13 0.28
R. D. 0.36 0.20 0.16 0.41

Average 0.38 0.19 0.17 0.39

with the phosphomolybdic acid method, one with
the mobility of choline and a much smaller one,

which is unidentified, and several minor ninhydrin-
reacting components.

Paper chromatography of acid hydrolysates of
the last peak material (lysolecithin) of each of the
three fractions showed one spot with the phos-
phomolybdic acid stain with the mobility of choline
and several lesser ninhydrin-reacting components.
These ninhydrin-reacting components were rela-
tively more prominent than those seen with acid
hydrolysates of the last peak material from whole
serum extract, perhaps due to heavier nitrogenous
contamination. To obtain further evidence that
the last peak material was composed predomi-
nantly of lysolecithin, the unhydrolyzed last peak
material of each fraction was also chromatographed
on silicic acid-impregnated filter paper and showed
a pattern similar to that of the last peak material of
whole serum extract (2), i.e., three spots staining
with the phosphomolybdic acid method, the major
one with the Rf of lysolecithin and two much
smaller ones with the Rf's of lecithin and sphingo-
myelin, respectively.

DISCUSSION

The ultracentrifugation method employing flota-
tion for the separation of serum lipoprotein frac-
tions was used because of its relative simplicity and
accuracy. The composition of the lipoprotein
fractions of human serum obtained by this method
and by other methods has been compared (5, 14).
On paper electrophoresis, the fraction with den-
sity < 1.063 migrates as beta globulin and the
fraction with density > 1.063 as alpha globulin
(5). On zone electrophoresis, however, the frac-

tion with density < 1.018 has been found to mi-
grate as alpha, globulin, although material mi-
grating as alpha, globulin has also been found in
some instances in higher density fractions (15).

Chromatographic analysis of three fractions,
with densities of < 1.019, 1.019 to 1.063, and
> 1.063, for the individual phospholipids in the
present study revealed that all of the phospholipids
identified were present in each of the three frac-
tions. For example, acid hydrolysis of the "cepha-
lin" produced ethanolamine, inositol and minor
ninhydrin-reacting components in approximately
the same relative amounts in each density fraction.
Since each density fraction may contain a mix-
ture of lipoproteins, however, the possibility that
different lipoproteins contain different mixtures
of phospholipids or even single phospholipids
cannot be excluded.

When comparing the density fractions with re-
gard to the relative quantities of the individual
phospholipids present, however, definite differences
were apparent. The values in the fractions with
density < 1.019 and < 1.063 were quite similar
but differed from those in the fraction with den-
sity > 1.063. These differences were noted only
for sphingomyelin and lysolecithin, as the relative
amounts of "cephalin" and lecithin in the fractions
with density < 1.063 and > 1.063 were similar.
The molar sphingomyelin-to-lecithin ratio in the
fraction with density < 1.063 was two times that in
the fraction with density > 1.063, with little varia-
tion between subjects (Table V). The molar "ceph-
alin"-to-sphingomyelin ratio in the fraction with
density < 1.063, on the other hand, was approxi-
mately one-half that found in the fraction with den-
sity > 1.063, indicating that the molar "cephalin"-
to-lecithin ratio was similar in both fractions. The
molar lysolecithin-to-lecithin ratio in the frac-
tion with density > 1.063 was almost three times
that in the fraction with density < 1.063, and this
heavier fraction contained about three-fourths of
the total serum lysolecithin. It has been found,
moreover, that most of the lysolecithin in the frac-
tion with density > 1.063 is concentrated in a
fraction with density > 1.210 (16). The molar
"cephalin"-to-sphingomyelin and lysolecithin-to-
lecithin ratios showed greater variation between
subjects possibly because of the larger errors in-
volved in the determination of "cephalin" and
lysolecithin.
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This difference in sphingomyelin-to-lecithin ra-

tio in the two large groups of serum lipoproteins
has been noted by Steele and Kayden (17). Using
electrophoresis on starch and determining the indi-
vidual phospholipid contents by differential hy-
drolysis, these investigators found that the molar
sphingomyelin-to-lecithin ratio was three times
as great in the 8- as in the a-lipoprotein fraction.
The markedly greater variability in this ratio be-
tween subjects in their study as compared to the
present study, however, suggests that their meth-
ods were less accurate.

The free-to-total-cholesterol and cholesterol-to-
phospholipid ratios found in the three density frac-
tions were similar to those reported by Bragdon,
Havel and Boyle (13). About 90 per cent of the
total nonphospholipid ester, presumably tri-
glyceride, was found in the fraction with density
< 1.063 and 10 per cent in the fraction with den-
sity > 1.063.

SUMMARY

Serum lipoprotein fractions of density < 1.019,
1.019 to 1.063, and > 1.063 from an apparently
healthy nonfasting adult male were separated by
ultracentrifugation and analyzed for the individual
phospholipids using chromatography on both
silicic acid columns and paper. All of the phos-
pholipids and possible phospholipid constituents
identified were found in each of the three fractions.

Serum lipoprotein fractions of density < 1.019,
< 1.063 and > 1.063 from eight apparently
healthy fasting adults were separated by ultra-
centrifugation and analyzed for the individual
phospholipids, cholesterol, cholesterol ester and
triglyceride, using chromatography on silicic acid
columns. The relative proportions of the indi-
vidual phospholipids in the fractions with density
< 1.019 and < 1.063 were similar but differed
from the values found in the fraction with density
> 1.063. In the fraction with density < 1.063,
the molar ratio of sphingomyelin-to-lecithin was

twice, and of "cephalin"-to-sphingomyelin about
one-half, the corresponding value found in the
fraction with density > 1.063. Both fractions,
therefore, had similar molar "cephalin"-to-lecithin
ratios. The molar lysolecithin-to-lecithin ratio
of the heavier fraction was almost three times that
of the lighter fraction, but there was much varia-
tion between subjects.
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