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Abstract The measurement of apolipoprotein B (apoB) in
purified lipoproteins by immunological assays is subject to
criticism because of denatured epitopes or immunoreactiv-
ity differences between purified lipoproteins and standard.
Chemical methods have therefore been developed, such as
the selective precipitation of apoB followed by quantifica-
tion of the precipitate. In this study, we present the mea-
surement of apoB concentration in lipoproteins purified by
ultracentrifugation by combining isopropanol precipitation
and gas chromatography/mass spectrometry. Very low den-
sity lipoprotein (VLDL; d < 1.006 g/mL); VLDL plus inter-
mediate density lipoprotein (VLDL + IDL; d < 1.019 g/mL);
and VLDL, IDL, and low density lipoprotein (VLDL + IDL +
LDL; d < 1.063 g/mL) were purified by ultracentrifugation.
Apolipoprotein B-100 was selectively precipitated by isopro-
panol. The leucine content of the pellet was then deter-
mined by gas chromatography/mass spectrometry, using
norleucine as internal standard. Knowledge of the number
of leucine molecules in one apoB-100 molecule makes it
possible to calculate the plasma concentration of apoB in
the various lipoprotein fractions. ApoB in IDL (d 1.006-
1.019 g/mL) and LDL (d 1.019-1.063 g/mL) were then de-
termined by subtracting VLDL-apoB from apoB in lipopro-
teins d < 1.019 and apoB in lipoproteins d < 1.019 g/mL
from apoB in lipoproteins d < 1.063 g/mL, respectively.
The isopropanol precipitate was verified as pure apoB
(>97%) in lipoprotein fractions isolated from normo- and
hyperlipidemic plasma and the method appeared reproduc-
ible.B The combination of isopropanol precipitation and the
GC/MS method appears therefore to be a precise and reli-
able method for kinetic and epidemiological studies.—
Beghin, L., N. Duhal, P. Poulain, P. Hauw, B. Lacroix, J-M.
Lecerf, J-P. Bonte, J-C. Fruchart, and G. Luc. Measurement
of apolipoprotein B concentration in plasma lipoproteins
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Apolipoprotein B (apoB) is the major protein compo-
nent of a number of lipoproteins such as chylomicrons,
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very low density lipoproteins (VLDL), intermediate den-
sity lipoproteins (IDL), and low density lipoproteins
(LDL). The plasma apoB concentration can be deter-
mined by a number of immunological methods (1-6), but
each of these methods presents drawbacks due to dena-
tured epitopes or immunoreactivity difference between
lipoproteins. Therefore, the use of these methods is not
suited to quantitating apoB in purified lipoproteins.

The chemical methods developed are based on the se-
lective precipitation of the apoB of human lipoproteins
purified by ultracentrifugation (7-9). In these lipopro-
teins, the apoB content has usually been estimated as the
difference between total lipoprotein protein and soluble
apolipoproteins in the solvent (10) or directly by measur-
ing the protein content of the pellet after resolubilization
(11). In this report, we describe a reproducible procedure
to determine the concentration of apoB in plasma puri-
fied lipoproteins, using isopropanol precipitation fol-
lowed by the measurement of the leucine content of the
pellet with a mass spectrometer.

MATERIALS AND METHODS

Purification of lipoproteins

Blood drawn directly into EDTA Vacutainer tubes from fasting
human subjects was immediately centrifuged at 4°C. Plasma was
isolated and supplemented with a concentrated mixture of pre-
servatives containing protease inhibitors and antibiotics that did
not modify the results (data not shown). Lipoproteins of d <
1.006 g/mL (VLDL), lipoproteins of d < 1.019 g/mL (VLDL +

Abbreviations: apo, apolipoprotein; VLDL, very low density lipopro-
tein; IDL, intermediate density lipoprotein; LDL, low density lipoprotein;
GC/MS, gas chromatography/mass spectrometry; SDS, sodium dode-
cyl sulfate.
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IDL), and lipoproteins of d < 1.063 g/mL (VLDL + IDL + LDL)
were separated from aliquots of the same plasma in the 100.4
rotor of a tabletop centrifuge (Beckman, Palo Alto, CA) at 100,000
rpm at 4°C for 2 h and 30 min, 3 h, and 3 h for lipoproteins of
d < 1.006, d < 1.019, and d < 1.063 g/mL, respectively. Each
lipoprotein fraction was washed by centrifugation under the
same conditions as for the density limit. The volumes of the top
and bottom fractions were measured with an electronic pipette
after ultracentrifugation. The recovery of apoB in the different
lipoprotein fractions purified by ultracentrifugation was evalu-
ated by adding known quantities of lipoproteins in plasma and
measuring lipoprotein-apoB according to the method described
below. Calculated recoveries were 93, 94, and 97% for lipopro-
teins of d < 1.006, d < 1.019, and d < 1.063 g/mL, respectively,
for plasma with triglyceride levels below 400 mg/dl. No correc-
tion was made for lipoprotein losses during the ultracentrifuga-
tion step.

Measurement of apoB by isopropanol precipitation
and GC/MS (isopropanol-GC/MS method)

About 200 pg of lipoproteins was precipitated with isopro-
panol according to the procedure described by Egusa et al. (12).
Lipoproteins were made up to a volume of 750 pL with 0.15 m
NaCl, and 750 pL of isopropanol was added. After 12 h at room
temperature for lipoproteins of d < 1.006 g/mL or at 4°C for
lipoproteins of d < 1.019 g/mL and lipoproteins of d < 1.063
g/mL, the mixture was centrifuged at 1,000 g for 30 min at 4°C.
The pellet was dried under nitrogen. Norleucine (100 nmol;
Sigma, St. Louis, MO) was added as an internal standard. The
pellet was hydrolyzed by 1 mL of 6 N ultrapure chlorhydric acid
(J. T. Baker, Phillipsburg, NJ) at 110°C for 24 h. The hydrolysate
was evaporated and 1 mL of 1 N acetic acid (J. T. Baker) was
added to each tube. The acid solution was applied to a 1-mL AG-
50W*8 (H* form) cation-exchange resin (143-5441; Bio-Rad,
Hercules, CA) column. The resin was eluted with 3 m» NH,OH.
The eluates containing amino acids were collected in vials. The
dried amino acids were esterified and then 100 L of heptafluo-
robutyric anhydride (Supelco, Bellefonte, PA) was added to each
tube. The sample was heated at 60°C for 20 min, and then dried
under nitrogen and dissolved in ethyl acetate ( J. T. Baker).

Samples were analyzed by gas chromatography/mass spec-
trometry (GC/MS) on a Finnigan-MAT SSQ 710 B instrument
(Finnigan-MAT, San Jose, CA) under chromatographic condi-
tions previously described (13). Mass spectrometry was used in a
negative chemical ionization mode with methane as the reactant
gas, and selected charged ions with m/z 349 were monitored.
This specific m/z value corresponds to substituted leucine after
the loss of HF and the acquisition of an electron by the substi-
tuted molecules. The leucine/norleucine ratio was determined
in duplicate. The apoB concentration was calculated by using
the known amount of norleucine added to the apoB sample, the
number of moles of leucine (n = 524) in 1 mol of apoB-100
(14), and the molecular mass of nonglycosylated apoB-100 esti-
mated at 512,000 Da. This was corrected for lipoprotein aliquot
volume and plasma volume.

Analysis of the protein content in the
isopropanol precipitate

The proteins of the pellet obtained after lipoprotein precipi-
tation by isopropanol were analyzed by two methods. The
former was sodium dodecyl sulfate (SDS)-polyacrylamide gel
electrophoresis (15), whereby total VLDL, pellet, and superna-
tant were loaded on gels. As apoE could have been precipitated
together with apoB, the relative quantity of apoE compared with
apoB-100 was measured in the isopropanol precipitate of VLDL
purified from hypertriglyceridemic plasma obtained from four

diabetic subjects whose plasma apoE levels were 3- to 4-fold the
normal value. After electrophoresis of the pellet in an SDS-poly-
acrylamide gel, apoB-100 and a large band of gel around the
molecular weight of apoE were separately cut. Norleucine was
added as an internal standard and the quantities of apoB-100
and apoE were evaluated by GC/MS as described above. The
quantity of apoE was evaluated using the number of moles of leu-
cine (n = 37) in 1 mol of apoE and the molecular mass of
apoE estimated at 34,145 (16). The second method was amino
acid analysis of the pellet. Amino acid analyses were per-
formed on a Beckman 6300 amino acid analyzer after hydroly-
sis in 6 m HCIl under vacuum at 110°C for 24 h in the presence
of 0.25% phenol.

Precision of methods

The precision of isopropanol precipitation and GC/MS was
estimated by analyzing the variance experiment described in Na-
tional Committee for Clinical Laboratory Standards (NCCLS)
publication EPS-T (17). Eight aliquots of each normolipemic,
hypertriglyceridemic, and hypercholesterolemic pool of plasma
were measured each day for 4 consecutive days.

Effect of freezing

The effect of freezing was evaluated by comparing apoB mea-
surements with the isopropanol-GC/MS method for 24 differ-
ent fresh plasma samples and the same plasma stored for 1
month at —-80°C.

RESULTS

Analysis of the purity of apoB in isopropanol precipitate

After isopropanol precipitation of VLDL, the pellet
contained apoB-100 and possibly albumin (trace); no
apoB was detected in the supernatant (Fig. 1). Using
plasma with a 3- to 4-fold plasma apoE level, no protein
corresponding to the molecular mass of apoE was de-
tected in the pellet by SDS-polyacrylamide gel electro-
phoresis (PAGE). Indeed, apoB-100 represented more
than 97% of the sum of apoE + apoB-100 (97.6-102% in
VLDL and lipoproteins of d < 1.019 g/mL from four
plasma samples).

To assess whether proteins other than apoB-100 were
present in the pellet, the amino acid content of the pellet
was analyzed by high-performance liquid chromatography
(HPLC) after precipitation of VLDL and lipoproteins of d
< 1.063 g/mL. The Leu/Gly, Phe/Gly, Val/Ile, Phe/Asp,
and Leu/Arg ratios are shown in Table 1. Ratios were sim-
ilar as regards the isopropanol precipitate of VLDL or
lipoproteins of d < 1.063 g/mL and those calculated from
the published sequence of apoB-100 (18) (Table 1).

Precision of the isopropanol-GC/MS method

Table 2 presents precision data on measurements of
apoB in lipoproteins of d < 1.006, d < 1.019, and d <
1.063 g/mL in normolipemic, hypertriglyceridemic, and
hypercholesterolemic plasma. Total estimated coefficients
of variation are between 3.6 and 9.8%. The coefficients of
variation obtained with hypertriglyceridemic plasma were
slightly higher (5.5 to 9.8%) than those of normolipemic
(4.2 to 6.4%) or hypercholesterolemic plasma (3.6 to
5.4%) for all lipoprotein fractions.

Beghin et al. Apolipoprotein B concentration 1173
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Fig. 1. Polyacrylamide gel electrophoresis, in the presence of
SDS, of total VLDL and of supernatant and pellet of VLDL after iso-
propanol precipitation. Lane 1, molecular weight markers; lane 2,
total VLDL; lane 3, supernatant; lane 4, pellet.

Effect of freezing

The apoB levels in lipoproteins of d < 1.006, d < 1.019,
and d < 1.063 g/mL were measured by the isopropanol-
GC/MS method in 24 fresh plasma samples and in the
same plasma frozen and kept at -80°C for 1 month. The
values obtained in fresh and frozen plasma were highly
correlated, the coefficients of correlation being 0.96, 0.91,
and 0.89 (P < 0.0001) for lipoproteins of d < 1.006, d <
1.019, and d < 1.063 g/mL, respectively. However,
whereas values of VLDL-apoB and VLDL + IDL-apoB
were similar in the usual concentration range, the maxi-
mal variation being 3 and 7%, respectively, apoB in lipo-
proteins of d < 1.063 g/mL could increase or decrease up
to 15% after freezing the plasma.

DISCUSSION

In this report, we present a method for measuring the
apoB level in VLDL, IDL, and LDL purified from plasma
by ultracentrifugation, using a sequence of selective pre-
cipitation of apoB by isopropanol and the measurement
of leucine content in the pellet by GC/MS. This method is
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TABLE 1. Amino acid ratios in the pellets of VLDL and
lipoproteins < 1.063 g/mL obtained after
precipitation by isopropanol®

Isopropanol Pellet of:

Amino Lipoproteins Sequence of
Acid Ratio VLDL <1.063 g/mL ApoB-100
Leu/Gly 2.62 2.57 2.60
Phe/Gly 1.09 1.12 1.09
Val/Ile 0.93 0.92 0.89
Phe/Asp 0.49 0.49 0.47
Leu/Arg 3.49 3.49 3.50

“These ratios were compared with those calculated from the
apoB-100 published sequence (23).

reproducible because of detection precision (GC/MS),
the coefficient of variation being <10%, i.e., systemati-
cally lower than that achieved with other methods
checked (data not shown).

The selectivity of apoB precipitation by isopropanol is
important in validating the method described in the
present article. The procedures used showed that apoB
was totally precipitated and that the amino acid in the pre-
cipitate was similar to that of apoB-100. These results are
compatible with the great selectivity of lipoprotein-apoB
precipitation in the presence of isopropanol as previously
described (11, 12). This method is applicable only to puri-
fied lipoproteins and not to plasma or serum, because
plasma proteins other than apoB were precipitated by iso-
propanol (19).

The calculation of apoB concentration in lipoproteins
by our method depends on the number of moles of leu-
cine in 1 mol of apoB-100, as this is slightly variable de-
pending on the sequence described (20-23) or amino
acid composition (14), but the variation in apoB level is

TABLE 2. Precision of measurement of lipoprotein apoB-100
in normolipemic, hypertriglyceridemic, and hypercholesterolemic
plasma by combining isopropanol precipitation and GC-MS*

ApoB SD,? SD, SDw? V¢
mg/dL %
Normolipemic plasma
lipoproteins
d < 1.006 4.89 0.09 0.30 0.31 6.4
d <1.019 9.22 0.34 0.48 0.59 6.4
d <1.063 76.75 1.70 2.72 3.21 4.2
Hypertriglyceridemic
plasma lipoproteins
d < 1.006 18.78 1.17 1.42 1.84 9.8
d <1.019 24.22 1.50 1.64 2.22 9.2
d <1.063 104.49 2.80 5.01 5.74 5.5
Hypercholesterolemic
plasma lipoproteins
d < 1.006 8.99 0.26 0.41 0.49 5.4
d <1.019 13.82 0.25 0.53 0.59 4.2
d <1.063 152.83 2.94 4.70 5.54 3.6

“Means of eight measurements over 4 days.
¢ SD,,, within-day standard deviation.

¢SDy,, between-day standard deviation.
4SDyyy = /SD} +SD;.

¢CV = (SDyy X 100) /apoB.
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less than 1% when extreme numbers of moles of leucine
are used in the calculation. We also used 512,000 as an ar-
bitrary nonglycosylated apoB-100 molecular mass, but
these data are debatable as regards the amino acid poly-
morphisms of apoB (24, 25). These parameters used in
the calculation of apoB-100 concentrations in purified
lipoproteins left doubt as to accuracy but did not modify
measurement precision.

The method described in this article has several advan-
tages. First, high reproducibility is important because bet-
ter precision can considerably decrease the number of
subjects required in kinetic, nutritional, and epidemiolog-
ical studies. Second, this method does not need standards,
antisera, and then standardization.

The great amount of time spent purifying and modify-
ing amino acids for GC/MS analyses is the main drawback
of this method. However, with fewer subjects and the use
of an autosampler for injection in GC/MS, time can be
saved.

Small errors could appear during the measurement of
apoB by the isopropanol-GC/MS method; these errors re-
late to the presence of apoB-48 in the VLDL of hypertri-
glyceridemic plasma and apoE in the precipitate of VLDL.
As this calculation includes the number of leucine mole-
cules per mole of apoB-100, an error related to the differ-
ent number of leucine molecules and molecular weights
of apoB-100 and apoB-48 could appear when measuring
apoB in plasma containing apoB-48, because apoB-100
and apoB-48 are simultaneously precipitated by isopro-
panol. However, this error is relatively small in normolipi-
demic subjects, as the quantity of apoB-48 when present is
always between 1 and 6% of total apoB in VLDL (26-28),
but this error could be more significant in hyperlipi-
demic subjects, for whom apoB-48 in triglyceride-rich
lipoproteins can reach 13% of total apoB present in lipo-
proteins of d < 1.006 g/mL (27). However, nonimmuno-
logical methods have been described to quantify these
apolipoproteins (26, 28, 29). The mass of apoE in pellets
of VLDL or lipoprotein of d < 1.019 g/mL, evaluated by
SDS-PAGE followed by GC/MS, was always less than 3%
of the total mass of the pellet. The presence of apoE
could be lessened or eliminated by washing the pellet
with 50% isopropanol, as described by Egusa et al. (12),
but these researchers showed a low recovery of lipoprotein-
apoB after washing, which therefore underestimates the
concentrations.

Freezing led to a bias in apoB measurement in the dif-
ferent lipoprotein fractions. In the usual concentration
ranges, freezing moderately lowered the apoB in VLDL
and to a larger extent apoB in lipoprotein of d < 1.063 g/
mL. The consequence was a decrease in apoB in VLDL
and LDL and an increase in IDL-apoB after freezing. It is
therefore more reliable to measure apoB in purified lipo-
proteins in fresh plasma.

To summarize, the method using apoB precipitation by
isopropanol followed by the measurement of leucine by
GC/MS offers a high degree of precision and is the most
reproducible of the methods checked in our laboratory.
We conclude that this method could be a useful and con-

venient research method for measuring VLDL-, IDL-, and
LDL-apoB essentially in kinetic and epidemiological
studies. i

Manuscript received 16 November 1999 and in revised form 14 March 2000.
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