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SUMMARY: HTG-VLDL;, tike LDL, bind with high affinity to electrophoreticai-
!y transferred, isolated LDL receptors partially purified from bovine adrenal
glands. Ligand blotting techniques show that binding is calcium dependent; little
or no binding of LDL or HTG-VLDL; is observed in the presence of 10 mM EDTA. HTG-
VLDL; does not bind in the presence of 7 mM suramin, an inhibitor of LDL binding
to the LDL receptor., Pretreatment of LDL with either thrombin or trypsin does not
affect apoB-mediated LDL binding to the LDL receptor. ApoE-mediated binding of
HTG-VLDL; to the blotted LDL receptor is abolished or greatly decreased by throm-
bin treatment of HTG-VLDL;; trypsin treatment of HTG-VLDL; abolishes binding.
Reincorporation of apoE into trypsinized HTG-VLDL| restores binding. These
studies demonstrate unequivocally that HTG-VLDL, bind to the LDL receptor, that
the binding of HTG-VLDL; to the isolated LDL receptor is mediated through the
thrombin-accessible apoE, and that HTG-VLDL; which bind via potentially
dissociable apoE rather than non-tranferable apoB can be used for ligand blotting.

© 1986 Academic Press, Inc.

Certain forms of hypertriglyceridemia are associated with an in-
creased risk of premature atherosclerosis, abnormal catabo]ism.of large
very low density Tlipoproteins (VLDL), and the accumulation of 1lipid-
filled foam cells throughout the body (1). The abnormal LDL receptor
binding, uptake, and degradation of VLDL S¢ 100-400 from hypertriglycer-
idemic subjects (HTG-VLDL,) observed in cultured cells may account for
the metabolic abnormalities; normal VLDL Sf 100-400 do not bind to LDL
receptors (2). Studies using cultured human skin fibroblasts indicate
that vLDL Sf 100-400 from hypertriglyceridemic patients bind to the low

density lipoprotein receptor via a specific conformation of apolipopro-
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tein E (apoE) accessible to thrombin cleavage (3,4). To date, binding of
HTG-VLDL, to isolated LDL receptors has not been directly demonstrated.
Ligand blotting techniques are used to directly visualize electro-
phoretically isolated, functional LDL receptors (5,6) and acetyl LDL
receptors (7). In this report we directly demonstrate by Tigand blot-
ting that 1) HTG-VLDL, bind to isolated LDL receptors, 2) apoE, not
apoB, mediates this binding, and 3) T1lipoproteins that bind via the
potentially dissociable apot rather than the non-transferrable apoB as

in LDL or acetyl-LDL can be used for ligand blotting.

MATERIALS AND METHODS

Materials: We obtained leupeptin from Boehringer Mannheim; suramin from FBA
Pharmaceuticals; nitroceliulose BA85 paper (0.45 um pore size) from Schieicher and
Schuell; prestained molecular weight standards from Bethesda Research Labora-
tories; bovine adrenal glands from a local slaughter-house; CNBr-activated
Sepharose 4B from Pharmacia; PPACK and rabbit antiserum to human apolipoprotein B
from Calbiochem-Behringer (512301); and peroxidase conjugated IgG fraction goat
anti-rabbit IgG antibody from Cappel Laboratories (3212-0081). Other materials
were obtained as described (3,4).

Lipoproteins: Plasma was obtained from fasting subjects with normal lipid
values for isolation of normal LDL and LPDS or from subjects with types 2b, 4, and
5 lipoprotein profites for HTG-VLDL. The diagnoses of subjects were based on
commonly used criteria (1), Lipoproteins were isclated by standard techniques
(8,9) from fresh plasma, as previously described (2-4,10,11). Total protein
contents of the lipoproteins were obtained by a modified Lowry procedure (12,13).

Modification of !ipoproteins by proteases: LDL from normal subjects and HTG-
VLDL, from hypertriglyceridemic subjects were incubated with trypsin or with
thrombin in buffer or with buffer alone (control) and reisolated before use
(3,8). The lipoproteins were then tested for their effects on HMG-CoA reductase
activity in normal fibroblasts as a sensitive intracelluiar indicator of +the
receptor-mediated uptake of LDL (2,10,11). Apoproteins B and E were characterized
by SDS/PAGE (14) and Western blotting (15), as described (3,4). To show that apoE
can restore binding to trypsinized HTG-VLDL,, the reisolated, trypsinized HTG-
VLDL; were incubated with purified human apok as described (16).

Receptor preparations by chromatography on DEAE cellulose: The LDL receptor
from bovine adrenal glands was partially purified per Schneider et al. (6). The
fractions containing LDL receptor activity were combined and stored at -145°C.

Antibodies: Rabbit antiserum to human apolipoprotein B was purified by
affinity chromatography using an LDL-Sepharose column.

Ligand biotting: One-dimensional electrophoresis was performed on 6% polya-
crylamide slab gels (14 x 8,5 x 0.15 cm) containing 0.1% SDS (v/v) using the buf-~
fer system of Laemm|i (14). Solubilized membrane samples (25-400 ug of protein)
in 0.5% SDS and 10% glycerol were electrophoresed at 4°C at 25 mA/gel for 4-5 hr
and transferred to nitrocellulose paper at 4°C and 30 V for 16-18 hr. Nitrocellu~
lose papers were then incubated in blocking buffer (50 mM Tris~HC!, 2 mM CaClz, 5%
bovine serum albumin and 90 mM NaCl at pH 8.0) for 60 min at 37°C and then incu-
bated in 0.5% BSA-buffer containing the indicated amount of lipoprotein for 6 hr
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at room temperature. Where indicated, CaCl, was omitted and 10 mM EDTA was added
to the buffer. After lipoprotein binding, the strips were washed three times with
biocking buffer in a 15 min period.

Visualization of the LDL receptor: The strips were incubated with affinity~
purified rabbit anti-human apoB (g6 (10-25 ug protein/ml) in buffer without
albumin for 90 min at room temperature, washed three times with buffer and incu-~
bated for 60 min with goat anti-rabbit IgG coupied to horseradish peroxidase. The
enzymatic reaction was initiated in 0.01M Tris-HCI, pH 7.4, containing 0.0025% O-
Dianisidine and 0.01% hydrogen peroxide. The reaction mixture was shielded from
light and color-development was terminated by quenching in distilled water.

RESULTS

Visualization of LDL receptors with HTG-VLDL,: HTG-VLDL,, Tike
LDL, bind to LDL receptors partially purified from the bovine adrenal
cortex (Figure 1). Maximal intensities were obtained with HTG-VLDL, at
one-half the concentration of LDL (11 =M vs. 22 nM, respectively
(Figures 1-3), indicating that HTG-VLDL, bind with high affinity to the
LDL receptor. The receptor has an apparent M. of approximately 130,000.
An additional minor band is seen at M. ~120,000 with both LDL and HTG-
VLBL,. This minor band in receptor preparations from bovine adrenal

cortex has been reported previously (5,17) and may be either a proteo-
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FIGURE 1: Ligand blotting demonstrates that HTG-VLDL, bind to LDL receptors and that this
binding is inhibited by EDTA and suramin. The DEAE-cellulose fraction of bovine adrenal
cortex was prepared as described in Methods. Aliquots (60 ug of protein/lane) were
electrophoresed in 6% slab gels containing 0.1% SDS. The proteins were transferred elec-
trophoretically to nitrocellulose paper, blocked, and incubated with |ipoproteins and
inhibitors as indicated. Lane 1, prestained molecular weight standards (myosin ~200K,
phosphorytase B ~94.7K, and albumin ~68K); Lane 2, apoB of LDL; Lanes 3, 4, and 5 were
incubated with LDL (10 pg protein/ml; 21.5 pmole/m!) alone (Lane 3), with 10 mM EDTA (Lane
4), or with 7 mM suramin (Lane 5). Lanes 6, 7, and 8 were incubated with HTG-VLDL; (20 ug
protein/ml; 11.3 pmole/ml) alone (Lane 6), with 10 mM EDTA (Lane 7), or with 7 mM suramin
(Lane 8). The LDL receptor was visualized as described in METHODS.
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lytic fragment of the mature receptor or an immature LDL receptor which
retains the ability to bind LDL. In the presence of 10 mM EDTA or 7 mM
suramin, no binding of LDL to either form of the LDL receptor is
observed (1). Likewise, EDTA and suramin inhibited the binding of HTG-
VLDL, (Figure 1, lanes 7, 8). HTG-VLDL, was also used to visualize LOL
receptors from cultured human fibroblasts (data not shown).

These experiments demonstrate that native HTG-VLDL,, bind to elec-
trophoretically isolated and transferred LDL receptors with the binding
characteristics of LDL.

Thrombin and trypsin abolish binding of HTG-VLDL, but not LDL, to
isolated LDL receptors: To confirm that apoE, and not apoB, mediates
binding of the HTG-VLDL, to the LDL receptor as studies with cultured
human fibroblasts indicate, HTG-VLDL, were pretreated with either throm-
bin or trypsin prior to ligand blotting (3,4). Our previous studies in
intact fibroblasts have shown that thrombin treatment abolishes or
greatly diminishes the ability of HTG-VLDL, to bind to the LDL receptor
by cleaving a specific conformation of the total apoE. Trypsin treat-
ment of HTG-VLDL, hydrolyzes all apoE and abolishes apoE-mediated bind-
ing (3,4). Thrombin-inactivated HTG-VLDL, did not bind to the isolated
LDL receptor (Figure 2, lane 7). Five thrombin-inactivated preparations
from three different hypertriglyceridemic subjects demonstrated no or
greatly diminished binding to the blotted LDL receptor, identical to
studies in intact fibroblasts (3,4). Likewise, trypsin treatment
abolished the binding of HTG-VLDL, (Figure 2, lane 8) but not of LDL
(Figure 2, lane 5) to the isolated receptor, again as previously
reported for intact fibroblasts (3,4). Apoprotein analysis of the
samples used in these studies by SDS/PAGE and immunochemical blotting
techniques demonstrated that some but not all of the apoE and some of
the apoB-100 was cleaved by thrombin as previously described (3,4).
ApoE was not detected after trypsin treatment and apoB was degraded into

species of M. < 100,000 in these experiments and as previously reported
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Figure 2: Protease treatment of HTG-VLDL,, but not of LDL, abolishes interaction with
partially purified LDL receptors. DEAE-cellulose fractions from bovine adrenal! cortex
(125 pg protein/lane) were etectrophoresed and transferred to nitrocellulose paper,
blocked, and incubated with the indicated |ipoproteins. Lane 1, prestained molecular
weight standards (myosin ~200K, phosphorylase B ~94,7K, and albumin ~68K); Lane 2, apoB of
LDL. The remainder of the strips were incubated with LDL (10 ug protein/ml), Lane 3; LDL
(10 ug protein/mi) modified with thrombin, Lane 4; LDL (10 ug protein/ml) modified with
trypsin, Lane 5; HTG-VLDL, (20 ug protein/ml), Lane 6; HTG-VLDL, (20 ug protein/ml)
modified with thrombin, Lane 7; HTG-VLDL; (20 ug protein/ml) modified with trypsin, Lane
8. Modifications of LDL and HTG-VLDL; and visualization of the LDL receptors are
described in the METHODS section.

(4). In control studies not shown, the binding of modified HTG-VLDL, to
the LDL receptor in cultured fibroblasts was abolished or drastically
diminished, as reported (3,4). Under the same conditions, thrombin and
trypsin treatment of LDL cleaved apoB, as in HTG-VLDL, but the protease-
treated iDL still bound to the blotted bovine adrenal LDL receptor
(Figure 2, lanes 4,5; Figure 3, Tane 2) as reported in studies with

human fibroblasts (3,4).

Reincorporation of intact apoE into trypsin-inactivated HTG-VLDL,
restores binding to isolated LDL receptors: Reincorporation of apoE
into thrombin-inactivated HTG-VLDL, (3) or into trypsin-inactivated HTG-
VLDL, (16) restores full binding to cultured human fibroblasts.
Likewise, reincorporation of apoE into trypsinized HTG-VLDL; restores
its binding to the isolated, transferred LDL receptor (Figure 3, lane

6).
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Figure 3: ApoE restores ability of tfrypsinized HTG-VLDL, to bind to the partially
purified LOL receptor. DEAE-cellulose purified LDL receptors from bovine adrenals (125 ug
protein/lane) were electrophoresed, transferred to nitrocellulose paper, and incubated as
follows: DL (10 ug protein/mi), Lane 1; LDL (10 ug protein/ml) modified with trypsin,
Lane 2; LDL (10 ug protein/ml) modified with trypsin and incubated with apoE, Lane 3; HTG-
VLDL; (20 ug protein/ml), Lane 4; HTG-VLDL, (20 pg protein/mi) modified with frypsin, Lane
5; HTG-VLDL; (20 ug protein/ml) modified with trypsin and incubated with apoE, Lane 6.
Ligand detection was as described in METHODS.

DISCUSSION

Ligand blotting directly demonstrates that HTG-VLDL, bind to LDL
receptors and that this binding absolutely requires apoE in HTG-VLDL, as
a binding determinant for the LDL receptor. These data from studies
using fisolated LDL receptors directly support conclusions from our
earlier studies with intact fibroblasts (3,4) as well as the reports by
others (18,19) which confirmed, through the use of monoclonal anti-
bodies, that apoE and not apoB is the primary binding determinant of
large hypertriglyceridemic VLDL, S¢ > 60.

This report also represents the first unequivocal demonstation that
apoE-mediated receptor binding, as opposed to apoB-mediated binding, can
be detected by l1igand blotting techniques. Previously, human g-VLDL ( d
< 1.006 g/m1) from patients with type 3 hyperlipoproteinemia were used
to visualize the LDL receptor (17). However, the s-VLDL isolated from
the d < 1.006 fraction of plasma are heterogenous (20) and contain par-
ticles that can bind to the LDL receptor via the non-transferable apoB

rather than apofE (3,4,18). Thus, the observed reaction could have been
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mediated by a subpopuiation of smaller particles that bind via apoB.
Kroon et al. detected LDL receptor binding with rabbit s-VLDL (d < 1.006
g/m1), a mixed population of cholesteryl ester-rich particles from
cholesterol-fed animals (21). Again, these experiments did not disting-
uish between receptor binding of the large Tipoproteins (which bind via
apok) and the small lipoproteins (which bind via apoB) of the respective
heterogeneous lipoprotein preparations (3,4,18). Our studies demon-
strate that a more homogeneous subpopulation of large HTG-VLDL, S 100-
400, known to bind via apoE and not apoB (3,4,16,18), can be used for

Tigand blotting.
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