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SUMMARY: HTG-VLDL1, l i ke  LDL, bind wi th high a f f i n i t y  to  e l e c t r o p h o r e t i c a l -  
ly t r ans fe r red ,  i so la ted  LDL receptors  p a r t i a l l y  p u r i f i e d  from bovine adrenal 
g lands.  Ligand b l o t t i n g  techniques show tha t  b ind ing is calcium dependent; l i t t l e  
or no b ind ing of LDL or HTG-VLDL 1 is observed in the presence of 10 mM EDTA. HTG- 
VLDL 1 does not bind in the presence of 7 mM suramin, an i n h i b i t o r  of LDL b ind ing 
to  the LDL receptor .  Pretreatment of LDL with e i t h e r  thrombin or t r yps in  does not 
a f f ec t  apoB-mediated LDL b ind ing to  the LDL recepto r .  ApoE-mediated b ind ing of 
HTG-VLDL 1 to  the b l o t t e d  LDL receptor  is abol ished or g r e a t l y  decreased by throm- 
bin t reatment  of HTG-VLDL1; t r yps in  t reatment  of HTG-VLDL 1 abol ishes b ind ing .  
Reincorporat ion of apoE in to  t r y p s i n i z e d  HT@-MLDL l res tores b ind ing .  These 
s tud ies demonstrate unequ ivoca l ly  t ha t  HTG-VLDL 1 bind to  the LDL recep to r ,  t ha t  
the b ind ing of HTG-MLDL 1 to  the i so la ted  LDL receptor  is mediated through the 
thrombin-access ib le  apoE, and t ha t  HTG-VLDL 1 which bind v ia  po ten t i a l  ly 
d i ssoc iab le  apoE ra#her than non- t ran fe rab le  apoB can be used for  l igand b l o t t i n g .  
© 1986 Academic Press, Inc. 

Certain forms of hypertriglyceridemia are associated with an in- 

creased risk of premature atherosclerosis, abnormal catabolism of large 

very low density lipoproteins (VLDL), and the accumulation of l ip id-  

f i l led  foam cells throughout the body (1). The abnormal LDL receptor 

binding, uptake, and degradation of VLDL Sf 100-400 from hypertriglycer- 

idemic subjects (HTG-VLDLI) 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-VLDLI 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 ligand blot- 

ting that 1) HTG-VLDLI bind to isolated LDL receptors, 2) apoE, not 

apoB, mediates this binding, and 3) lipoproteins that bind via the 

potentially dissociable apoE 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; nitrocellulose BA85 paper (0.45 Mm pore size) from Schleicher 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 profiles for HTG-VLDL. The diagnoses of subjects were based on 

commonly used criteria (I). Lipoproteins were isolated 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 lipoproteins by proteases: LDL from normal subjects and HTG- 

VLDL l from hypertriglyceridemic subjects were incubated with trypsin or with 

thrombin in buffer or with buffer alone (control) and reisolated before use 

(3,4). The lipoproteins were then tested for their effects on HMG-C~A reductase 

activity in normal fibroblasts as a sensitive intracellular 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-VLDL1, the reisolated, trypsinized MTG- 

VLDL I were incubated with purified human apoE 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. 

Li~and blotting: One-dimensional electrophoresis was performed on 6% polya- 

cry lamide s lab  ge ls  (14 x 8.5 x 0.15 cm) con ta i n i ng  0.1% SDS (v / v )  using the b u f -  
f e r  system o f  Laemmli (14) .  S o l u b i l i z e d  membrane samples (25-400 ~g o f  p r o t e i n )  
in 0.5% SDS and 10% g l y c e r o l  were e lec t ropho resed  a t  4°C a t  25 mA/gel f o r  4-5 hr 
and t r a n s f e r r e d  to  n i t r o c e l l u l o s e  paper a t  4°C and 30 V f o r  16-18 hr .  N i t r o c e l l u -  

lose papers were then incubated in b lock ing  b u f f e r  (50 mM T r i s -HC I ,  2 mM CaCI2, 5% 
bov ine serum albumin and 90 mM NaCl a t  pH 8.0)  f o r  60 min a t  37°C and then incu-  
bated in 0.5% BSA-buf fer  con ta i n i ng  the i nd i ca ted  amount o f  l i p o p r o t e i n  f o r  6 hr 
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at room temperature. Where indicated, CaCI 2 was omitted and I0 mM EDTA was added 

to the buffer. After lipoprotein binding, the strips were washed three times with 

blocking buffer in a 15 min period. 

Visualization of the LDL receptor: The strips were incubated with affinity- 

purified rabbit anti-human apoB IgG (10-25 Mg 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 coupled to horseradish peroxidase. The 

enzymatic reaction was initiated in O.01M Tris-HCl, 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-VLDLI, l ike 

LDL, bind to LDL receptors part ia l ly  purified From the bovine adrenal 

cortex (Figure I ) .  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 af f in i ty  to the 

LDL receptor. The receptor has an apparent M r of approximately 130,000. 

An additional minor band is seen at M r ~120,000 with both LDL and HTG- 

VLDL~. 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 I: Ligand blotting demonstrates that HTG-VLDL I 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 pg 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 lipoproteins and 

inhibitors as indicated. Lane I, prestained molecular weight standards (myosin ~20OK, 

phosphorylase 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/ml} alone (Lane 3), with I0 mM EDTA (Lane 

4), or with 7 mM suramin (Lane 5}. Lanes 6, 7, and 8 were incubated with HTG-VLDL I (20 pg 

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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l y t ic  fragment of the mature receptor or an immature LDL receptor which 

retains the abi l i ty  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- 

VLDLI (Figure 1, lanes 7, 8). HTG-VLDLI was also used to visualize LDL 

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 abi l i ty  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-VLDLI (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 al l  of the apoE and some of 

the apoB-lO0 was cleaved by thrombin as previously described (3,4). 

ApoE was not detected after trypsin treatment and apoB was degraded into 

species of M r < 100,000 in these experiments and as previously reported 
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Figure 2: Protease treatment of HTG-VLDLI, but not of LDL, abolishes interaction with 

partially purified LDL receptors. DEAE-cellulose fractions from bovine adrenal cortex 

(125 pg protein/lane) were electrophoresed and transferred to nitrocellulose paper, 

blocked, and incubated with the indicated lipoproteins. Lane I, prestained molecular 

weight standards (myosin ~20OK, phosphorylase B ~94.7K, and albumin ~68K); Lane 2, apoB of 

LDL. The remainder of the strips were incubated with LDL (10 Mg protein/ml), Lane 3; LDL 

(10 Mg protein/ml) modified with thrombin, Lane 4; LDL (10 pg protein/ml) modified with 

trypsin, Lane 5; HTG-VLDL 1 (20 pg protein/ml), Lane 6; HTG-VLDL I (20 pg protein/ml) 

modified with thrombin, Lane 7; HTG-VLDL I (20 ~g protein/ml) modified with trypsin, Lane 

8. Modifications of LDL and HTG-VLDL I and visualization of the LDL receptors are 

described in the METHODS section. 

(4) .  In control  studies not shown, the binding of modif ied HTG-VLDL~ to 

the LDL receptor in cul tured f i b r o b l a s t s  was abolished or d r a s t i c a l l y  

d iminished, as reported (3 ,4) .  Under the same condi t ions,  thrombin and 

t r yps i n  treatment of LDL cleaved apoB, as in HTG-VLDL, but the protease- 

t reated LDL s t i l l  bound to the b lo t ted  bovine adrenal LDL receptor  

(Figure 2, lanes 4,5; Figure 3, lane 2) as reported in studies wi th 

human f i b r o b l a s t s  (3 ,4 ) .  

Reincorporation of intact apoE into trypsin-inactivated HTG-VLDL~ 

restores binding to isolated LDL receptors: Reincorporation of apoE 

into thrombin-inactivated HTG-VLDLI (3) or into trypsin-inactivated HTG- 

VLDL~ (16) restores full binding to cultured human fibroblasts. 

Likewise, reincorporation of apoE into trypsinized HTG-VLDLI restores 

i ts binding to the isolated, transferred LDL receptor (Figure 3, lane 

6). 

337 



VoI. 139, No. 1, 1986 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

i¢3 
I 
o 9 7 . 4 -  
X 

6 8 - -  

Control 

Trypsin 

Trypsin -I- Apo E 

I 2 3 4 5 6 
LDL HTG-VLDL I 

+ - -  + - -  

- + -  - + -  

- - - +  - - +  

Figure 3: ApoE restores ab i l i t y  of trypsinized HTG-VLDL I to bind to the par t ia l l y  
purified LDL receptor. DEAE-cellulose purified LDL receptors from bovine adrenals (125 ~g 
protein/lane) were electrophoresed, transferred to nitrocellulose paper, and incubated as 
follows: LDL (10 ~g protein/ml), Lane I; LDL (IO Ng protein/ml) modified with trypsin, 
Lane 2; LDL (I0 ~g protein/ml) modified with trypsin and incubated with apoE, Lane 3; HTG- 
VLDL I (20 ~g protein/ml), Lane 4; HTG-VLDL 1 (20 ~g protein/ml) modified with trypsin, Lane 
5; HTG-VLDL 1 (20 ~g 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 I 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 isolated 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, Sf > 60. 

This report also represents the f i r s t  unequivocal demonstation that 

apoE-mediated receptor binding, as opposed to apoB-mediated binding, can 

be detected by ligand blotting techniques. Previously, human B-VLDL ( d 

< 1.006 g/ml) from patients with type 3 hyperlipoproteinemia were used 

to visualize the LDL receptor (17). However, the B-VLDL isolated from 

the d < 1.006 fraction of plasma are heterogenous (20) and contain par- 

t icles that can bind to the LDL receptor via the non-transferable apoB 

rather than apoE (3,4,18). Thus, the observed reaction could have been 
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mediated by a subpopulation of smaller particles that bind via apoB. 

Kroon et al. detected LDL receptor binding with rabbit B-VLDL (d < 1.006 

g/ml), 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 lipoproteins (which bind via 

apoE) 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, Sf 100- 

400, known to bind via apoE and not apoB (3,4,16,18), can be used for 

ligand blotting. 
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