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Abstract Naturally occurring mutant forms of apolipopro-
tein B (apoB)-100 may be able to provide valuable informa-
tion on the structure-function relationships of apoB with the
low density lipoprotein (LDL) receptor. ApoB-67, recently
identified in a kindred displaying apoB levels 25% of normal
(Welty et al. J. Clin. Invest. 1991. 87: 1748-1754), is predicted
to contain 3040 amino acids and therefore, contains part of
the epitope for antibody 4G3, which blocks binding of LDL
to the LDL-receptor. To determine whether the amino termi-
nal 67% of apoB-100 is important for binding to the LDL
receptor, the apoB-67-containing lipoprotein particle was pu-
rified from plasma by gradient ultracentrifugation. The frac-
tions containing apoB-67 were in the density range 1.049-
1.070 g/ml. These fractions were pooled and adsorbed onto
an affinity chromatography column containing the mono-
clonal antibody, MB47. The epitope for MB47 is two non-
linear domains between amino acids 3429 to 3453 and 3507
to 3523; therefore, apoB-100 will bind to the MB-47 column
but apoB-67 will not. The resulting apoB-67-containing parti-
cles were completely devoid of apoB-100. In competitive
binding studies, the apoB-67 lipoprotein particle did not com-
pete with 1%L-labeled apoB-100-containing LDL particles for
binding, uptake, or degradation by normal human fibroblast
monolayers. Ml We conclude that the amino terminal 67%
of apoB-100 in the naturally occurring lipoprotein particle
does not appear to contain a functionally relevant epitope of
the LDL-receptor binding domain.—Welty, F. K., L. Seman,
and F. T. Yen. Purification of the apolipoprotein B-67-con-
taining low density lipoprotein particle and its affinity for the
low density lipoprotein receptor. J. Lipid Res. 1995. 36: 2622-
2629.
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Apolipoprotein (apo) B plays a central role in lipopro-
tein metabolism and exists in two isoforms in plasma,
apoB-100 and apoB-48 (1), both of which are products
of the same structural gene on chromosome 2 (2).
ApoB-100 consists of a single 4536 amino acid polypep-
tide chain; apoB-48 consists of the amino terminal 48%
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of apoB-100 (3). ApoB-100 is synthesized by the liver and
secreted in the form of very low density lipoprotein
(VLDL) which is remodeled in plasma to form low
density lipoprotein (LDL). ApoB-100 contains the LDL-
receptor binding domain; therefore, VLDL remnants
(intermediate density lipoprotein) and LDL are re-
moved from the circulation by binding to specific he-
patic LDL receptors (1). ApoB-48 is synthesized in the
intestine and produced as a result of a premature stop
codon at the apoB-100 codon 2153 by tissue-specific
mRNA processing (4). ApoB-48 is secreted in the form
of chylomicrons. As apoB-48 presumably lacks an LDL-
receptor binding domain, chylomicron remnants are
most likely taken up by the liver through receptors other
than the LDL-receptor, e.g., the putative chylomicron
remnant receptor that recognizes apok (5, 6).

As a result of its lipophilic nature, large size (molecu-
lar weight of 550,000) and hydrophobicity, apoB-100 is
very difficult to solubilize and, therefore, difficult to
study. The knowledge of the primary structure of apoB-
100 by sequencing has allowed the identification of
structural and functional domains. Using a large panel
of monoclonal antibodies, Pease et al. (7) concluded that
the receptor binding region of apoB-100 lies between
amino acids 2835 and 4081. Additional studies with
monoclonal antibodies have identified two putative ar-
eas for the apoB receptor-binding domain at residues
3120-3156 and 3352-3371 (8-12). However, other areas
of apoB may also be involved in binding to the LDL

Abbreviations: apo, apolipoprotein; DMEM, Dulbecco’s modified
Eagle’s medium; VLDL, very low deunsity lipoproteins; LDL, low
density lipoprotein; HDL, high density lipoprotein; LpB-67,
lipoprotein particles containing apoB-67; LDL-B-100, low density
lipoprotein particles containing apoB-100; PAGE, polyacrylamide gel
electrophoresis.
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receptor. Studies with monoclonal antibodies directed
against epitopes between amino acids 1480-1693 and
2152-2377 of apoB-100 can block binding of apoB-100
to the LDL receptor, and antibodies with epitopes be-
tween amino acids 4082-4306 can increase binding of
apoB-100 by threefold (13).

Mutant forms of apoB-100 can provide valuable infor-
mation on the structure-function relationships of apoB,
especially with the LDL receptor. Familial defective
apoB-100 is due to an arginine to glutamine substitution
at amino acid 3500 (14, 15). Recent 13C NMR data
suggest that this substitution induces a change in the
local conformation that disrupts the receptor binding
domain of apoB-100 and virtually abolishes the binding
ability of LDL (16).

Truncated forms of apoB-100 may also be able to
provide information on structure-function relation-
ships of apoB-100. Some cases of familial hypobetalipo-
proteinemia, an autosomal codominant disorder char-
acterized by low plasma concentrations of apoB and
LDIL~cholesterol, have been shown to be due to a trun-
cated form of apoB-100 (17). Welty et al. (18) reported
akindred with hypobetalipoproteinemia due to deletion
of an adenine at cDNA 9327; the mutation results in the
production of a truncated form of apoB-100 containing
the amino terminal 67% of apoB-100. In this study, we
successfully purified apoB-67-containing lipoprotein
(LpB-67) particles from plasma of several affected family
members. The ability of unlabeled LpB-67 particles to
compete with **I1abeled apoB-100-containing low den-
sity lipoprotein particles (1251-LDL-B-100) for cellular
binding, uptake, and degradation by cultured human
fibroblasts was tested. No binding, uptake, or significant
degradation of LpB-67 particles was observed. Thus, the
amino terminal 67% of apoB-100 in the naturally occur-
ring lipoprotein particle does not appear to contain a
functionally relevant epitope of the LDL-receptor bind-
ing domain.

MATERIALS AND METHODS

Human subjects

The apoB-67 kindred was originally described by
Welty et al. (18) who found that deletion of an adenine
at CDNA 9327 converted a lysine to an arginine fol-
lowed by a premature stop codon, thus producing the
apoB-67 molecule. Affected subjects are heterozygous
for the mutation. A family tree with each family member
identified by a number and characterized according to
apoB genotype has been published (18). [This study was
approved by the Institutional Review Board at Tufts
University, and informed consent was obtained.]

Plasma lipid and lipoprotein characterization

Sixty ml of fresh blood was obtained from four family
members whose lipoproteins contained apoB-67: sub-
jects 1I-2, II-5, 1I-10, and II-12 as previously identified
(18). Blood was also obtained from normolipidemic
subjects (unrelated to the apoB-67 subjects). Blood was
collected into sterile tubes containing EDTA (0.1% final
concentration). Plasma was immediately separated from
red cells in a refrigerated centrifuge at 3,000 rpm for 30
min at 4°C. The following proteolytic inhibitors were
then added to the plasma: probucol 0.1% (Sigma), so-
dium azide 0.1 mM, and aprotinin (Trasylol FBA) 2,000
kallikrein units per 10 ml of plasma. Plasma and lipopro-
tein fractions were assayed for total cholesterol and
triglyceride with an Abbott Diagnostics ABA-200 bichro-
matic analyzer using enzymatic reagents (19, 20). Lipid
assays were standardized through the Centers for Dis-
ease Control Lipid Standardization Program.

The apoB-100-containing low density lipoprotein (d
1.025-1.055 g/ml) fraction (LDL-B-100) was isolated
from pooled fresh plasma from the normolipidemic
subjects by sequential ultracentrifugation (21). This was
the LDL-B-100 used in the competitive binding experi-
ments described below. An LDL fraction (d 1.019-1.063
g/ml) was also isolated by sequential ultracentrifugation
from plasma of one of the apoB-67 subjects. This was
used in the SDS{Gibco BRL, Gaithersburg, MD)
polyacrylamide gel electrophoresis (PAGE) to illustrate
the large excess of apoB-100 compared to apoB-67 in
the LDL fraction of apoB-67 subjects.

Lipoprotein B-67 isolation and characterization

A gradient ultracentrifugation was performed on
each of the plasma samples from the apoB-67 subjects.
The plasma was adjusted to d 1.020 g/ml with potassium
bromide (KBr) (Sigma, St. Louis, MO) and placed in a
37.5-ml quick-seal tube (Beckman, Palo Alto, CA). This
was underlayered with 10 ml of d 1.21 g/ml KBr solu-
tion. The plasma was then overlayered with 9 ml of
normal saline (d 1.006 g/ml). Centrifugation (Beckman
rotor 50.3 Ti) was performed at 65,000 rpm x 18 h at
10°C. The bottom of the tube was punctured, and 5 ml
was collected and discarded. One and one-half ml frac-
tions were then collected. The density was determined
by weighing 1 ml of each fraction. Apolipoproteins B-67
and B-100 were evaluated by SDS-PAGE using a Tris-gly-
cine buffer system and stained with Coomassie Brilliant
Blue as previously described (22, 23). Estimates of apoB-
100 and apoB-67 were determined by gel scanning and
peak integration using an LKB Ultrascan XL laser den-
sitometer interfaced with an AT&T personal computer
(LKB), a Canon J-1080A printer (LKB) and GSXL soft-
ware (LKB-Paramus, NJ).
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Fractions containing apoB-67, in the density range
1.049-1.070 g/ml, were pooled and concentrated with
an Amicon Centriprep-10 or 100 concentrator (Amicon
Corp., Beverly, MA). The concentrator membranes
were carefully washed to assure maximum recovery of
apoB-67 particles. The fractions were dialyzed against
two changes of 1 liter of equilibration buffer (50 mm
Tris-HCI, pH 7.5, 0.9% NaCl, 0.01% EDTA) for the
MB-47 column for 3 h each and then dialyzed against 1
liter overnight. The protein concentration of the lipo-
protein fractions was determined by a modification of
the Lowry technique using a bovine serum albumin
(BSA) standard (24).

Production and use of the anti-MB-47
immuneaffinity column

The murine monoclonal antibody, MB-47, was a kind
gift from Dr. Linda K. Curtiss, Department of Immunol-
ogy, Research Institute of Scripps Clinic, La Jolla, CA
92037. The epitope for MB-47 is composed of two
nonlinear domains between amino acids 3429 to 3453
and 3507 to 3523 (25-27); therefore, antibody MB-47
binds to apoB-100 but not to apoB-48 or apoB-67.

Thirty-five mg of MB-47 was covalently bound to 5 g
(17.5 ml) of cyanogen bromide-activated Sepharose 4B
(Pharmacia Biotechnology, Inc.) according to manufac-
turer’s instructions. A 6-ml column of MB-47-Sepharose
was prepared. The capacity of the column was 1.21 mg
apoB/ml Sepharose. The column was washed with
equilibration buffer (50 mM Tris-HCI, pH 7.5, contain-
ing 0.9% NaCl and 0.01% EDTA). To isolate LpB-67
particles, the pooled, concentrated lipoprotein fractions
from the gradient ultracentrifugation from all four af-
fected family members were adsorbed onto the MB-47
affinity column and incubated on the column for 60 min
at 4°C. The LpB-67 was recovered free of LDL-B-100
particles (as determined by SDS-PAGE) in the wash step
which consisted of 6 volumes of equilibration buffer in
two sequential steps. Elution of bound LDL-B-100 was
then attempted with 0.01 M Tris, pH 8.0, 0.5 M NaCl for
a total of 6 column volumes. However, the affinity
between apoB-100 and MB-47 was strong enough to
resist column washing with 3 M NaSCN, as has been
previously documented (12). The eluted apoB-67 lipo-
protein particles were concentrated on an Amicon Cen-
triprep-10 or 100 concentrator, transferred to a dialysis
bag, and dialyzed against 2 changes of 0.15 M NaCl and
0.24 mm EDTA for 24 h.

Characterization of the apolipoprotein content of
the LpB-67 preparation

The apolipoprotein content of LpB-67 was assessed
by SDS-PAGE. ApoB was assayed in plasma and lipopro-
tein fractions with a noncompetitive, enzyme-linked im-
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munosorbent assay using immunopurified polyclonal
antibodies (28). The coefficient of variation for the apoB
assay was less than 5% within runs and less than 10%
between runs (28). The apoA-I content of lipoprotein
fractions was measured by a polyclonal enzyme-linked
immunosorbent assay, as previously described (29).

Studies with cultured fibroblasts

Low density lipoproteins (d 1.025-1.055 g/ml) were
iodinated using the modified MacFarlane technique
(30). Briefly, 700 pl 1 M glycine, pH 10.0, was added to
12 mg LDL (17 mg/ml) followed by addition of 3.5 mCi
Na-125] (Amersham, 100 mCi/ml). Fifty pl of IC1 (33 mM
in 1 N HCI) was injected into this mixture, which was
then incubated at 4°C for 5 min. Free 125] was removed
by applying the radiolabeled LDL to two sequential
PD-10 columns previously equilibrated with 0.15 M NaCl
and 0.24 mM EDTA, pH 7.4. The '®I-labeled LDL-B-100
was dialyzed against 500 ml 0.15 M NaCl and 0.24 mMm
EDTA for 3 h and against 4 liters of 0.15 M NaCl and
0.24 mM EDTA overnight. Ten pl of a 100-fold dilution
was counted in the gamma counter and specific activity
was calculated.

Binding, uptake, and degradation were performed as
described by Goldstein, Basu, and Brown (31). Briefly,
normal human foreskin fibroblasts (GM08333, NIGMS
human genetic mutant cell repository, Camden, NJ)
were plated at a density of 300,000 cells per plate in
36-mm dishes in Dulbecco’s modified Eagle’s medium
(DMEM) containing 10% (v/v) fetal bovine serum for
3-4 days. On day 5, the cells were washed, and the
medium was changed to DMEM containing 5% (v/v)
lipoprotein-deficient serum, pH 7.4, to up-regulate the
LDL-receptor. After 48 h in DMEM containing lipopro-
tein-deficient serum, when the cells had reached
85-90% confluency, the binding, uptake, and degrada-
tion experiments were performed. The cells were incu-
bated with 2.5 pg of ?I1abeled LDL-B-100 (1 ml/dish)
in DMEM containing 10 mM HEPES, 0.2% BSA, pH 7.4,
and increasing concentrations of unlabeled LpB-67 or
unlabeled LDL-B-100 at 37°C for 5 h. The cells were then
placed on ice and washed 3 times with 2 ml/dish ice-cold
phosphate-buffered saline (PBS) containing 0.2% BSA,
pH 7.4, with 10-min incubations between the second and
third wash. This was followed by two rapid washes with
ice<cold PBS, pH 7.4. The cell monolayers were then
incubated at 4°C for 60 min with 10 mg/ml dextran
sulfate in PBS, pH 7.4 (1 ml/dish). To determine the
amount of binding, the medium was removed and
counted for specifically bound 25I1abeled LDL. The cell
monolayers were recovered in 0.1 N NaOH (1 ml/dish)
and counted. This represented internalized lipoprote-
ins. Degradation products were measured in the media
after trichloroacetic acid precipitation and chloroform
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Fig. 1. SDS polyacrylamide gel electrophoresis of fractions from gradient ultracentifugation of plasma for subject II-5. Twenty ml of plasma
was adjusted to d 1.020 g/ml with potassium bromide and underlayered with 10 ml of d 1.21 g/ml and overlayered with 9 ml normal saline (d
1.006 g/ml) in 37.5-ml quick-seal tubes. This was spun at 65,000 rpm x 18 h at 10°C. The bottom of the tube was punctured, the first 5 ml was
discarded, and then 1.5-ml fractions were collected. Every other fraction was subjected to SDS PAGE as described under Materials and Methods.

extraction and counted for %5I-labeled LDL (31). Dishes
containing no cells were treated in exactly the same
manner and used as controls for degradation. Data were
calculated and expressed as amount of LDL protein
bound, internalized, or degraded/mg of cell protein.

RESULTS

Gradient ultracentrifugation

Figure 1 shows the results of the gradient ultracentri-
fugation of plasma for subject II-5 and is representative
of the results obtained for the other three subjects (II-2,
11-10, and II-12). Scanning of the gels revealed approxi-
mately 4% of the LpB-67 in the VLDL density range
(1.006 g/ml) and 96% of the LpB-67 in the LDL-HDL
density range of 1.049-1.070 g/ml.

Isolation and characterization of LpB-67 by MB-47
immunoaffinity columns

To purify LpB-67 particles, an immunoaffinity col-
umn was prepared using antibodies directed against the
MB-47 epitope. The pooled fractions in the density
range of 1.049-1.070 g/ml from the gradient ultracen-
trifugation of all four subjects were circulated over an
MB-47 affinity column. Figure 2 shows the results of the
SDS-PAGE of pooled fractions from the gradient ul-
tracentrifugation (lane 2) and purified LpB-67 prepara-
tion (lanes 3 and 4). The particles not bound to the
column contained only apoB-67 and no apoB-100 (Fig.
2,lanes 3 and 4), indicating that the column was effective
in removing the LDL-B-100 particles from the LpB-67
particles in the pooled lipoprotein fractions. Lane 1 in

Fig. 2 contains a representative LDL fraction from an
apoB-67 subject and is shown to demonstrate the large
excess of apoB-100 compared to apoB-67 in an LDL
fraction.

The purified LpB-67 was collected in two aliquots: the
first containing the first 3 column volumes (Fig. 2, lane

ApoB-100- “ “

ApoB-67- ] s cd

Albumin- e

ApoA-I- - ——
1 2 3 a4

Fig. 2. SDS 4-12% polyacrylamide gel electrophoresis of fractions
from the purification of apoB-67 lipoprotein particles. Lane 1 contains
a representative LDL fraction from an apoB-67 subject and is shown
to demonstrate the large excess of apoB-100 compared to apoB-67 in
the LDL fraction. Lane 2 contains pooled fractions 4-7 from the
gradient ultracentrifugation shown in Fig. 1. Lane 3 contains the first
3 column volumes from the MB47 immunoaffinity column. Lane 4
contains the last 3 column volumes from the MB47 immunoaffinity
column.
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3) and the second containing the last 3 column volumes
(Fig. 2, lane 4). The first 3 column volumes contained
albumin whereas the last 3 column volumes had no
albumin. Staining of the SDS polyacrylamide gel with
Coomassie Brilliant Blue revealed an apoB-67 band and
an apoA-I band. No apoB-100 or apoE was observed; this
was confirmed by silver staining. The migration dis-
tances for apoB-67 and apoA-I were compared to prior
studies using monoclonal antibodies to confirm the
location of apoB-67 (18). The starting material (120 ml
plasma) contained 1.2 mg LpB-67. Concentration of the

A

Percent of Control

Percent of Control

Percent of Control
2

i o . I 4

0 10 20 30 40 50

Uniabeled Lipoprotein added, pug/mi
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LpB-67 particles with an Amicon filter and dialysis
yielded 925 pug LpB-67. This represents a 77% recovery.

Ability of LpB-67 to compete with LpB-100 for
binding, uptake, and degradation by the LDL
receptor of cultured fibroblasts

The concentration of apoB-67 ranges from 0.5 to 1.0
mg/dl (1.7 to 3.4% of total apoB) in these human
subjects. Even after pooling plasma from four subjects,
the total yield was only 925 ug. This amount is too small
to be radioactively labeled. Therefore, we chose to ra-
dioactively label the LDL from normal subjects (%°I-
LDL-B-100) and compare purified, unlabeled LpB-67
preparations from the apoB-67 subjects and unlabeled
LDL preparations (LDL-B-100) from normal subjects
for their ability to compete with 1251-labeled LDL-B-100
for uptake and degradation by cultured fibroblasts. The
specific activity of 1%Ilabeled LDL-B-100 was 226
cpm/ng.

Figure 3A demonstrates that LpB-67 did not compete
with ?[labeled LDL-B-100 for binding to the LDL
receptor even at very high protein concentrations of
LpB-67 whereas excess unlabeled LDL-B-100 success-
fully competed with 125Ilabeled LDL-B-100. Uptake and
degradation of '?llabeled LDL-B-100 by normal fi-
broblasts were also evaluated under identical conditions
of competitive competition with unlabeled LpB-67 and
LDL-B-100. Figure 3B demonstrates the inability of

Fig.3. Ability of unlabeled lipoproteins B-67 (LpB-67) and unlabeled
lipoprotein B-100 (LDL-B-100) to compete with '%I-labeled LDL-B-100
for binding (A), uptake (B), and degradation (C) by the LDL receptor
in cultured human fibroblasts. Normal human fibroblast monolayers
were grown in 36-mm dishes in DMEM containing 10% fetal calf
serum. Fibroblast apoB,E (LDL) receptor activity was up-regulated by
a 48-h preincubation with DMEM containing 5% (v/v) lipoprotein-de-
pleted serum. Normal human LDL was iodinated with the modified
MacFarlane technique and then extensively dialyzed against 0.15 M
NaCl containing 0.24 mM EDTA, pH 7.4. The specific activity of the
1%]-Jabeled LDL-B-100 was 226 cpm/ng of LDL protein. After 48 h in
DMEM containing lipoprotein-depleted serum, when the cells had
reached 85-90% confluency, the binding, uptake, and degradation
experiments were performed. The cells were incubated with 2.5 pug of
1%]Jabeled LDL-B-100 and increasing concentrations of unlabeled
LpB-67 (squares) or unlabeled LDL-B-100 (circles) at 37°C for 5 h. The
cells were washed as described in the Methods section. To determine
the amount of '»Habeled LDL-B-100 bound, washed cell monolayers
were incubated at 4°C for 60 min with 10 mg/ml dextran sulfate in
PBS, pH 7.4 (1 ml/dish). The medium was then removed and counted
for specifically bound '#I-labeled LDL (panel A). The cell monolayers
were recovered in 0.1 N NaOH (1 ml/dish) and counted. This
represented internalized lipoproteins (panel B). Degradation prod-
ucts were measured as described in the Methods section (panel C).
Dishes containing no cells were treated in exactly the same manner
and used as controls for degradation. The data were expressed as
amount of LDL protein degraded/mg of cell protein. The amounts
of ¥-labeled LDL-B-100 bound, internalized, and degraded in ab-
sence of competitor lipoproteins were (mean + standard deviation, n
=4):50.9+ 9.4 ng/mg; 453.2 £ 41.4 ng/mg; and 2651.5 + 245.7 ng/mg,
respectively. Shown here is the percent of control binding (y axis)
versus lipoprotein competitor (x axis) added to the medium.
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Fig. 4. The location of the carboxy-terminal amino acid of apoB-67 (amino acid 3040) in relation to the
receptor-binding domain of apoB. The epitopes of monoclonal antibodies that totally or partially block binding
of LDL to the LDL receptor are indicated by solid and open boxes, respectively, above or below the polypeptide
chain. ApoB-67 contains part of the epitiope for antibody 4G3. The two short stretches of positively charged
amino acids are indicated by open boxes within the polypeptide chain; zigzag lines indicate regions of potential
amphipathic B-sheet structure. The location of the Arg to GIn substitution associated with familial defective
apoB-100 is indicated. {Modified with permission from Milne, R. et al,, 1989. J. Biol. Chem. 264: 19754-19760

(26]).

LpB-67 to compete with ?5Ilabeled LDL-B-100 for up-
take even at high protein concentrations of LpB-67
whereas unlabeled LDL-B-100 at 25 pg/ml reduced
uptake of %5I-labeled LDL-B-100 by 64%. Similarly, Fig-
ure 3C demonstrates a 79% reduction in degradation of
125L1abeled LDL-B-100 in the presence of excess unla-
beled LDL-B-100 whereas LpB-67 has no effect on deg-
radation of 125]-.LDL-B-100 even at very high concentra-
tions.

DISCUSSION

In this study, we were able to successfully purify
apoB-67-containing lipoprotein particles completely
from apoB-100- and apoE-containing lipoprotein parti-
cles. The purified apoB-67 lipoprotein particle was un-
able to compete with 1251labeled LDL-B-100 for cellular
binding, uptake, or degradation by cultured human
fibroblasts. It is important to note that the lipoproteins
were added to the cell culture media on the basis of their
protein concentration. At comparable protein concen-
trations, the molar concentration of LpB-67 particles
was higher than the concentration of LDL-B-100-con-
taining particles. In spite of the higher molar concentra-
tion of particles, there was still no binding, uptake, or
degradation of LpB-67 compared to LDL-B-100.

These results add further information towards the
definition of the LDL receptor binding domain of apoB-
100. Based on DNA sequencing studies, apolipoprotein
B-67 is predicted to contain 3,040 amino acids (18) and

contains only part of the epitope for antibody 4G3 (25,
26), an antibody widely used over the past 10 years for
blocking the binding of LDL to the LDL receptor (Fig.
4). Furthermore, apoB-67 terminates before epitopes
for several other LDL receptor-blocking antibodies,
5E11, 3A10, MB47, and B1B3 (Fig. 4) and before the
two short positively charged amino acid sequences that
have been hypothesized to be involved in receptor bind-
ing (Fig. 4) (7-12, 26, 27). In addition, apoB-67 termi-
nates before the missense mutation at residue 3500 that
is associated with defective binding of LDL to the LDL
receptor in familial defective apoB-100 (14, 15). Even
though apoB-67 contains part of the epitope for anti-
body 4G3, the lack of these latter domains apparently
accounts for the inability of the LpB-67 particle to
compete with the apoB-100-containing LDL particle for
binding to the LDL receptor. Whether this defective
binding is due to a specific lack of receptor binding
sequences or an incorrect folding remains to be estab-
lished.

The present study provides a methodology that may
be applied towards the purification of other truncated
apoB proteins. The purification of naturally occurring
truncated apoBs has been complicated by several fac-
tors. Truncated forms of apoB are usually present in
very low concentration in plasma compared to apoB-100
(apoB-67 ranges from 1.7 to 3.4% of the total apoB);
therefore, very large amounts of monoclonal antibodies
are required to remove all the apoB-100. As we have
previously shown that apoB-67-containing lipoprotein
particles were smaller than apoB-100-containing lipo-
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protein particles (18), we used a gradient ultracentri-
fugation as an initial step to separate LDL-B-100 and
LpB-67 by density. In this manner, we were able to
remove 92% of the LDL-B-100, therefore, decreasing the
amount of apoB antibody required for the immunoaf-
finity column purification step.

The presence of multiple other apolipoproteins can
also complicate the purification of truncated apoBs. A
truncated apoB present in the VLDL fraction would be
difficult to purify due to the presence of apoC, apoE,
apoA-], and apoA-IV, in addition to apoB-100 and apoB-
48. Purification of a truncated apoB present in the HDL
density range can be complicated by the presence of
apoE. ApoA-l may also be present; however, this
apolipoprotein should not interfere with binding to the
LDL-receptor. In a previous study, it was shown that the
truncated apoB form, apoB-75 (which terminates at
amino acid 3387), in the density range 1.063-1.090
g/ml, was completely separated from apoB-100; how-
ever, apoE and apoA-I were present (32). The apoB-75-
containing lipoprotein particles bound with greater af-
finity than apoB-100-containing lipoprotein particles to
the LDL receptor on cultured human fibroblasts in
vitro; however, the authors suggested that a possible role
of apoE in mediating the enhanced binding of this
particle to the LDL receptor could not be ruled out (32).
The results of in vivo studies with stable isotopes, which
demonstrated that apoB-75-containing lipoproteins
were cleared from plasma more rapidly than apoB-100-
containing lipoproteins, supports the results of the bind-
ing studies which suggested that apoB-75 bound with
greater affinity than apoB-100 to the LDL receptor (32).

In summary, the results in the present study suggest
that the proximal 3040 amino acids of apoB-100 are not
sufficient to bind to the LDL-receptor. These results also
provide confirmatory evidence for the monoclonal an-
tibody studies which suggested that the proximal por-
tion of the LDL-receptor recognition site is at residues
3120-3156 (8-12). The area between the termination of
apoB-67 and apoB-75 (amino acids 3040-3387) contains
both putative apoB receptor areas as defined by the
monoclonal antibody studies (3120-3156 and
3352-3371). The lack of binding of the apoB-67 lipopro-
tein particle and the enhanced affinity of the apoB-75
lipoprotein particle for the LDL receptor compared to
the apoB-100 lipoprotein particle suggest that this area
is essential for binding of apoB-100 to the LDL receptor
and may, in fact, enhance affinity for the LDL receptor.
Whether this area confers appropriate conformation to
the apoB particle or whether the actual sequences are
necessary for binding to the LDL-receptor (or both) has
not been determined. Future studies of mutant forms
of apoB-100 should provide more information about the
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structure-function relationships of apoB-100, especially
with the LDL-receptor. 8
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