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Rat serum phosphorylcholine binding protein (PCBP) is characterized 
by i ts  Ca 2+ dependent property to bind phosphorylcholine ligand. PCBP 
immobilized on sepharose has been shown to selectively bind human plasma 
apo B and E containing lipoproteins. The present report describes an 
inhibitory effect of PCBP on the binding of human 1251-LDL to LDL receptors 
onestradiol treated rat l i ver  membranes. Pre-incubation of livermembranes 
with PCBP did not affect the binding of 1251-LDL to the membranes. Gel 
f i l t r a t i on  analysis of the incubation products from the LDL-receptor 
assay showed a concentration dependent binding of 1251-PCBP to LDL. The 
inhibitory effect of PCBP is l i ke ly  due to the formation of LDL-PCBP 
complex and not due to the binding of PCBP to the LDL receptor site. ® 1986 
Academic Press, Inc. 

Rat serum PCBP, a member of the pentraxin family of proteins (1), 

has been shown to inhibi t  the precipitation of rat, rabbit and human 

serum lipoproteins, by heparin (2,3,4). PCBP is present in normal rat 

serum in high concentrations (0.6-0.7 mg/ml) (2). The demonstration of 

binding of PCBP to phosphatidylcholine containing liposomes (5) led to 

more recent findings that PCBP immobilized on sepharose binds preferential ly 

to humanapoBandEcontaininglipoproteins (6,7). The present investigation 

examines the effect of such PCBP-lipoprotein interactions on the binding 

of human LDL to LDL receptors on l i ver  membranes from estradiol treated 

rats. Since the specific objective of this study was to determine the 

effect of PCBP on lipoprotein-LDL receptors, human LDL containing exclusively 

apo B, has been ut i l ized, thereby, minimizing the participation of apo E 

and apo A-I specific receptors which are known to be present in rat l i ve r  

(8,9). 
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EXPERIMENTAL PROCEDURES 

Isolat ion and radioiodinat ion of PCBP: PCBP isolated from normal rat  
serum was rad~oiodinated enzymatically as described before (5) .  The 
spec i f i c  ac t i v i t y  was 144 cpm/nmol of PCBP (based on mr = 125,000). 
Radiolabelled PCBP was di lu ted with unlabelled PCBP as indicated in the 
legends, 

Iso la t ion and radioiodinat ion of LDL: LDL (density 1.030 to 1,063 gm/ml) 
~as i'solated from human plasma by u l t racent r i fugat ion  (5) and i t s  pur i ty  
checked by polyacrylamide gel electrophoresis (6). Pu r i f i ed  LDL was 
radioiodinated by modif icat ion of Mcfarlanes method (I0) as described by 
Wong and Rubinstein ( i i ) .  The 1251-LDL protein concentration ranged from 
0.25 mg to 0,32 mg/ml while the speci f ic  ac t i v i t y  was 121-248 CPM/ng 
p ro te i n .  Labelled LDL was stored in s te r i l e  p las t ic  tubes in O.OIM 
Tris-HCl buf fer  (pH 7.4) containing O.15M NaCI and used wi th in 2 weeks of 
preparation, 

Preparation of rat  l i v e r  membranes: Liver membranes were prepared from 
17~-e th iny l  estradiol  t reated rats according to the method of Kovanen et 
al ,  (12). The i00,000 x g pe l l e t  prepared from whole l i v e r  homogena~ 
w~s assayed e i ther  immediately or stored at -80oc and used wi th in 3 weeks. 

Binding of 1251-LDL to rat  l i v e r  membranes: The binding assays were 
carr ied out essen t i a l l y  as described by Kovanen et al .  (12) except that  
the incubation buffer contained 20 mM NaCI. Liver membranes (i00-120~g 
protein), "~I-LDL (as indicated in individual assays) were incubated ~ 
20 mM Tris-HCl (pH 7.5) containing 20 mM NaCl, 20 mg/ml BSA and Ca L 
(5mM) ('Buffer A') either in the presence or absence of EDTA (20 mM) in a 
total volume of 150~I. Incubations were carried out in Beckman microfuge 
tubes (1.5 ml capacity) at OOC for 90 min. After the incubation 75 ~l of 
the assay mixture was layered onto 200 Rl of fetal calf serum in Beckman 
Type 25 rotor tubes and centrifuged at 92,000 x g for 30 min at 4oc. The 
supernatant was aspirated and replaced with 150 ~l of fetal calf serum 
and the centrifugation repeated for 10 min. The supernatant was then 
removed, and the pel let counted for radioactivity in a Beckman 5500 gamma 
counter. Results presented are average of duplicate assays. 

Preincubation of l i ver  membranes with PCBP: Preincubation of l i ve r  
membranes (150 ~g protein) with increasing concentrations of PCBP in 
'buffer A' in a total volume of 150~I was carried out for 90 min. at 
O°C. The tubes were centrifuged at 12,800 x g for 30 min. at 4oc, which 
resulted in quantitative sedimentation of the membranes. The supernatant 
was aspirated and replaced with 1251-LDL (47.3 ~g protein/ml) and 'Buffer 
A' The membranes were gently resuspended and incubated for an additional 
90 min at OOC, and then centrifuged as described for the l i ve r  membrane 
binding assays. The amount of 1251-LDL bound to the l i ve r  membrane was 
determined from the radioactivity associated with the membrane sediments. 
The results presented are average of duplicate assays. In a separate 
experiment, l i ve r  membranes (120~g) were incubated in the presence of 1 
~gof 1251-PBCP plus unlabelled PCBP as indicated in 'Buffer A' for 90 min 
at O°C, in a final volume of 150~. The incubation mixture was centrifuged 
at 12,800xg for 30 min and the supernatants discarded. The membrane 
sediments were washed (x2) with 'Buffer A' and counted for radioactivity 
to determine the amount of 1251-PCBP bound. 

Gel- f i l t ra t ion experiments: LDL (0.6 mg protein) and 125I-PCBP (O.5~g 
lcbI-PCBP diluted With 36.5pg unlabelled PCBP) were incubated in O.01M 
Tris-HCl buffer (pH 7.4) containing 100 mM NaCl either in the absence or 
presence of Ca2+ (5mM) in a total volume of 0.2 ml at OOC for 90 min and 
the mixture applied to a Sephacryl $400 column (1.5 x 45 cm). The column 
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was e l ~ e d  with O.01M Tris-HCl buf fer  (pH 7.4) containing 100 ~4 NaCI, 
and Ca ~- (5 mM) at a f low rate of 24 ml/h. The f rac t ions  (2 ml) were 
counted for  r a d i o a c t i v i t y  in a Beckman 5550 gamma counter. The e lu t ion  
volumes fo r  LDL and 1251-PCBP were determined in separate experiments. 

In another set of  experiments, the supernatants (100~I) from the LDL 
receptor binding assays car r ied  out in Buf fer  A (contain ing 2 mg/ml BSA 
instead of 20 mg/ml) were chromatographed on Sephacryl $400 column as 
described above. The supernatants were obtained by cen t r i f uga t ion  of the 
assay mixture at 12,800xg for  30 min at 4°C. 

RESULTS 

In the absence of EDTA, the progression of  binding of  1251-LDL to l i v e r  

membranes was non- l inear  suggesting the presence of  saturable binding 

s i t es  on the membranes {Fig. 1A). In the presence of EDTA the overa l l  

b i nd ing  o f  1251-LDL was reduced as expected (12) and the d i f fe rence 

between binding of 1251-LDL in the absence and presence of EDTA gave a 

measure of the spec i f i c  high a f f i n i t y  binding (Fig. IA) .  The e f f ec t  of 

PCBP on the 1251-LDL binding to l i v e r  membranes showed tha t  the binding 

of 1251-LDL to l i v e r  membranes decreased in the presence of increasing 

concentrat ions of PCBP (Fig. IB) .  Two d i f f e r e n t  concentrat ions of PCBP 

(87 and 600 ~g/ml) were required to achieve about 40% i n h i b i t i o n  of  binding 
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Fig. 1.Binding of 1251-LDL to l i ve r  membranes (A) and effect of PCBP on 
the ~ d i n 9  (B): " 
A) The binding assays containing 100 g membrane protein and indicated 
concentration of 1251-LDL (124 cpm/ng protein) were incubated at OOC for 
90min either in absence ( 0 )  or presence ( Q )  of 20mM EDTA. High a f f i n i t y  
binding was calculated by subtracting the 1251-bound in the presence of 
EDTA from that bound in the absence of EDTA. 
B) Liver membranes (100 #q protein) were incubated with, ei ther 34 #g/ml 
(-0-) or 152.6 #g/ml of 1231-LDL protein ( - A - )  (Specific ac t i v i t y  = 124 
cpm/ng protein) and increasing concentrations of PCBP. The 100% value 
for 1251-LDL bound in the absence of PCBP was 0.85 #g/mg with 34 #g/ml 
and 2.25 #g/mg with 152.6 #g/ml of 1251-LDL protein. 
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Effect of preincubation with PCBP on the binding of 1251-LDI to 
embranes (A) and the binding of 1251-PCBP to l iver membranes {B). 

A) Liver membranes (120#g protein) were preincubated at Ooc for 90 min 
with increasing concentrations of PCBP as indicated, followed by the 
addition of 1251-LDL (48#9 protein/ml, 1?2c~m/ng protein) and further 
incubated for 90 min at O°C. The amount of ±cbI-LDL bound to the membrane 
sediments was determined. 
B) Incubation mixture in Buffer A contained l iver membranes (12Q#g protein), 
1251-PCBP (l~g) diluted with unlabelled PCBP to give concentrations as 
indicated. After incubation at OoC for 90 min. the tubes were centrifuged 
and 1251-PCBP bound to membranes was determined. 

when 34 /~g and 152.6 #g protein/ml of 1251-LDL respectively were present 

in the assays. 

Preincubation of l i ve r  membranes with PCBP did not af fect the binding 

of 1251-LDL (Fig. 2A) even though some PCBP (<5%) was bound to the membranes 

as determined from para l le l  incubations (Fig. 2B). 

Chromatography of a mixture of LDL and 1251-PCBP on Sephacryl S-400 

column in presence of Ca 2+ (Fig. 3B) resulted in coelution of 1251-PCBP 

0.4 

go.2 I 
0'10[ 

0 

A V o  2 4 m l  

| 3 0 m l  3000 

200og 
lOOO 

0./, 

0.3 

<~0.2 

0.1 

0 

B Vo 24ml 

2m, 
20 /*0 ZO 40 

eLufion volume eLufion volume 
[mL) (mr) 

3O00 

Z~ E 
u 

lOO0 

o 

Fi 9. 3, Gel-f i l trat ion of LDL and 1251-PCBP on Sephacryl S400 column after 
incubation either in absence {A) or presence of Ca c~ (B). 
A) LDL (0.6 mg protein), 1251-PCBP (0.5/2g) diluted with 36.5/~g unlabelled 
PCBP were incubated at OOC for 90 min in O.01M Tris-HCl buffer (pH 7.4) 
containing 100 n~M NaCl in a total volume of 0.2 ml. The mixture was 
applied to a Sephacryl $400 column (i.5x45 cm) and eluted with O,01M 
Tris-HCl buffer (pH 7.4) containing 100 mM NaCl, at a flow rate of 24 ml/h. 
B) LDL and 1251-PCBP were incubated and chromatographed exactly as described 
in A except that the incubation and elution buffers contained 5 mM Ca 2+. 
The recovery of LDL was 90% and that of 1251-PCBP was 80%. Void volume 
(Vo) was determined using Blue bextran 2000. ( © ) denotes elution of 
LUL and ( • ) of 125I-PCBP. 
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Fig. 4. Detection of LDL-PCBP complex in supernatant from the binding 
assays by ge l - f i l t r a t i on  analysis. 
Binding assays containing l i ve r  membranes (lO0~g protein), LDL (33.9 #g 
protein/m]), 1251-PCBP (l~g) diluted with unlabelled PCBP to give f inal  
concentrations as indicated were incubated in Buffer A (containing 2.5 
mg/ml BSA instead of 20 mg/ml BSA) for 90 min at OoC. The assay mixtures 
were centrifuged at 12,800xg for 30 min and the supernatants (100xl) 
appl ied to a Sephacryl S400 column equil ibrated with O.01M Tris-HCI 
buffer (pH 7.4) containing i00 mM NaCI and 5 mM Ca 2+. 1251-PCBP complexd 
with LDL in the supernatants was determined from the radioact iv i ty  co-eluting 
with LDL. Column size and flow rate were as described in Fig~ 3A. 

w i th  LDL, whereas, in absence of  Ca 2+ (Fig. 3A) the two peaks e lu te  

separate ly .  The formation of  an LDL-PCBP complex was examined by analyzing 

a l iquo ts  of the supernatants from the binding assays by g e l - f i l t e r a t i o n  

on Sephacryl  $400. When increasing concentrat ions of  1251-PCBP were 

incubated, increasing amounts of 1251-PCBP complexed in the supernatant 

with LDL (Fig. 4). 

DISCUSSION 

Studies showing a se lec t i ve  binding o f  apo B and E c o n t a i n i n g  

l i pop ro te ins  to PCBP immobil ized on sepharose (6,7) have prompted the 

current  i nves t i ga t i on  on the i n te rac t i on  between PCBP, LDL and LDL receptors. 

Results show that  PCBP can i n h i b i t  the binding of LDL to the l i v e r  membrane 

LDL receptors (Fig. 1B). A s to i ch iomet r i c  re la t i onsh ip  between LDL and 

PCBP is  apparent, since increased concentrat ion of PBCP is  required to 

achieve 40% i n h i b i t i o n ,  when higher concentrat ion of LDL is  used in the 

binding assays (Fig.  1B). Preincubation of the l i v e r  membranes with PCBP 

did not a f f ec t  the binding of LDL to the membranes (Fig. 2A) suggesting 

tha t  the LDL-receptor s i tes  on membranes were not bound by PCBP, although 

some PCBP (<5%) was bound to the membranes (Fig.  2B). Inves t iga t ions  to 

155 



Vol. 141, No. 1, 1986 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

test  the binding of PCBP to LDL in the f l u i d  phase of the assay system 

demonstrated that 1251-PCBP co-elutedwithLDL in presence of Ca 2+ (Fig. 3B). 

Furthermore, in the LDL-receptor  assay, incubat ion  of inc reas ing  

concentrations of 1251-PCBP with LDL showed increased LDL-PCBP complex 

formation in the supernatants (Fig. 4). We, therefore, conclude that the 

i nh ib i t i on  of binding of LDL to the receptors on l i v e r  membranes by PCBP 

resulted from a f l u i d  phase in teract ion between LDL and PCBP and is not 

due to PCBP binding to receptor s i tes.  

I t  has previously been shown by Brown et a l . ,  (13) that certain 

pos i t i ve ly  charged proteins are capable of i nh ib i t i ng  the LDL-receptor 

in teract ion by binding e i ther  to the receptor or to an adjacent s i te .  

However, resul ts presented in th is  paper o f fe r  another mechanism involving 

a f l u i d  phase in teract ion between LDL and PCBP. 

Rats have low levels of plasma LDL and i t  has been suggested (14) 

that  apo E-rich HDL, acting as a subst i tute for LDL, may be a major 

vehicle for transport of cholesterol to ce l ls  conta in ing ac t i ve  LDL 

receptors. I t  seems reasonable to speculate that in vivo, PCBP may 

in te rac t  with apo E-rich HDL and a l t e r  the access ib i l i t y  of these l ipoprote ins 

to LDL receptors, in l i g h t  of our previous observation that apo E-rich rat  

HDL also binds to PCBP (7). 
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