


A Membrane Receptor for Formaldehyde-treated Serum Albumin

mined by the dve-binding method (see below). The column was then
eluted with 300 ml of buffer B (20 mM sodium phosphate buffer (pH
6.0), 0.15 M NaCl, 0.5 mM CaCl,, and 1% Triton X-100) (Fraction
B). The tinal elution was achieved with 200 ml of buffer C (50 mMm
glycine HC1 buffer (pH 3.0), 0.1 M NaCl, 0.5 mm CaCly, and 1%
Triton X-100) (Fraction C). Fraction C was immediately adjusted to
pH 7.3 by adding 1 M Tris-HCl buffer (pH 9.0}, followed by concen-
tration and dialysis against buffer A containing 0.1% Triton X-100
in an Amicon Diaflow apparatus equipped with a PM-10 membrane.
U nless otherwise stated, all the procedures were performed at 4 °C.
The concentrated solution of Fraction C (~5 ml) was further applied
.o the second affinity column of Sepharose 4B-f-Alb (1 X 5 cm) which
had been equilibrated with buffer A containing 1% Triton X-100.
The saniple was recycled over the column for 1 h (3-4 cycles). The
column was washed consecutively with 200 ml of buffer A containing
16 Triton X-100 and 100 ml of buffer B. Then, the fractions eluted
with 711 ml of buffer C were immediately adjusted to pH 7.8 with 1 M
Tris-t1Cl (pH 9.0) and subjected to concentration and dialysis in an
Amion apparatus as described above. Aliquots of each fraction
obriined during the purification were incorporated into liposomes
{~ce below) and determined for binding activity toward '*I-labeled f-
Alb.

[odination—f-Alb was prepared from BSA as described (15) by a

modification of the methods reported (1, 2). f-Alb was labeled with
“I to a specific radioactivity of 4-6 X 10 cpm/ng by using immobi-
i-zed Enzymobead lactoperoxidase-glucose oxidase (Bio-Rad) accord-
ing to the manufacturer’s instructions. Free iodine was removed by
rapid gel filtration on a mini-column of Sephadex G-25 (Pharmacia
¥ine Chemicals) as reported (17). lodination of the purified receptor
was performed as follows; 10-20 ug of the purified receptor (Fraction
"y dissolved in buffer A containing 0.1¢% Triton X-100 was iodinated
o a specific radioactivity of 2.0 X 10° cpm/ug in the same way as
Je¢scribed above except that the rapid gel filtration on a mini-column
was performed in the presence of 0.1% Triton X-100. The iodinated
receptor thus obtained showed more than 99% trichloroacetic acid-
precipitable radioactivity. The protein concentration was determined
iy the method of Lowry et al. (18) or by the dye-binding method
reported by Bradford (19) with BSA as a standard.

Binding Assav—Liposomes were prepared from egg lecithin
\Merck) by a modification of the method employed by Schneider et
al. (20). Briefly, egg lecithin (400 mg) was dissolved in 20 ml of
ethanol in a 50-ml glass flask. Ethanol was removed under a stream
of nitrogen. The dry phospholipid was redissolved in diethyl ether,
and a coat of phosphatidyl choline was formed on the inner walls of
the flask by evaporating the ether with a stream of nitrogen. A buffer
~olution (100 ml) containing 50 mM Tris-maleate (pH 6.0) and 2 mM
("aCl, was then added, and a suspension of liposomes was formed by
shaking for 5 min on a Vortex mixer. Prior to the binding assay,
Triton X-100 was removed from each sample with Bio-Beads SM-2
{Bio-Rad) according to the reported method (21). To the detergent-
tree samples was added octyl 3-D-glucoside to give a final concentra-
tion of 40 mM. Incorporation of the solubilized receptor into lipid
vesicles was performed by the acetone-precipitation method as re-
ported (20). After vigorous Vortex agitation with cold acetone, lipo-
some precipitates were centrifuged at 20,000 X g for 20 min and
resuspended in 20 mM Tris-HCl (pH 8.0), 50 mM NaCl, and 1 mM
CaCl, and used for the measurement of '*1-f-Alb binding activity.

A standard binding assay was conducted at pH 8.0 in 100 ul of
buffer containing 50 mM Tris-HC], 0.5 mM CaCl,, 0.1 M NaCl, and
40 mg/ml of BSA in a 1.6-ml polyethylene tube (Eppendorf centrifuge
tube). Unless otherwise stated, assay mixtures contained liposome
preparations containing graded amounts (0.02-50 ug) of solubilized
membrane proteins and 3.75 ug/ml of *I-f-Alb (4,670 cpm/ng of
protein) in the absence or presence of an excess amount of f-Alb (1
mg/ml). After incubation for 1 h at 25 °C, free ‘**I-f-Alb was separated
from the bound ligand by centrifugation at 20,000 X g for 20 min at
4 °C. The resulting liposome pellets were washed 3 times with 1.2 mi
of ice-cold buffer (50 mM Tris-HCI (pH 8.0), 0.1 M NaCl, and 40 mg/
ml BSA). The tube containing pellet was cut off just above the pellet
layer by scissors and its radioactivity was determined. Nonspecific
binding represented the amount of '*I-f-Alb bound to liposomes in
the presence of an excess unlabeled ligand. This was usually less than
15% of the total binding observed in the absence of unlabeled ligand.
Specific binding was calculated by subtracting the value for nonspe-
cific binding from that for the total binding. During purification of f-
Alb receptor, the binding activity of each fraction was expressed as
ug of ®I-f-Alb bound to mg of protein incorporated into liposomes.
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Experimental conditions for determination of the apparent dissocia-
tion constant (K,) and the effect of unlabeled ligand on the total
binding were described in detail for Fig. 4.

Determination of pl Value of ***I-labeled Receptor—The isoelectric
point (pD) of the receptor was measured at room temperature by using
Polybuffer exchanger (Pharmacia Fine Chemicals) according to the
manufacturer’s instructions. Briefly, a column (0.8 X 13 c¢m) packed
with a gel of Polybuffer PBE94 was equilibrated with 25 mM imidazol
HCI buffer (pH 7.5). The column was first charged with 2 mi of the
elution buffer (Polybuffer 74 adjusted to pH 4.0 by HCl), then with
1 ml of same buffer containing '®I-labeled receptor, followed by
elution with 120 ml of the same buffer at a flow rate of 0.5 ml/min.
Fractions of 2.0 ml were collected and determined both for radioac-
tivity and pH value.

Prior to pl focusing of the receptor-ligand complex, '®I-labeled
receptor (1.5 X 10° cpm) was incubated for 1 h at 37 °C, in a total
volume of 0.1 ml, either with 20 ug of f-Alb or 20 ug of unmodified
BSA in 50 mM Tris-HCI (pH 7.4), 0.1 M NaCl, and 0.1% Triton X-
100. To this solution was added 0.9 ml of the elution buffer and the
solution applied to the column. The elution was conducted in the
same way as described above.

Electrophoresis—Polyacrylamide gel electrophoresis of the '*I-
labeled receptor preparation was performed as described previously
(22) according to Gabriel (23) in a 7.5% disc gel. NaDodSO,-polyac-
rylamide slab gel electrophoresis was conducted as described previ-
ously (24) by using the buffer system of Maizel (25). Details are
described in the legends for Figs. 1 and 2.

Preparation of Anti-receptor Antibody—The antiserum against the
purified receptor was raised in two rabbits according to a slight
modification of the method of Vaitukaitis (26). The purified receptor
preparation (30 ug), suspended in 50% complete Freund’s adjuvant
solution, was injected intradermally into two rabbits at 20-30 skin
sites for each rabbit. The rabbits were boostered 10 days later with
the same amount of the receptor in 50% complete Freund's adjuvant,
followed by two additional booster injections every week thereafter.
Each rabbit was finally injected both intradermally and intramuscu-
larly with 20 ug of the antigen suspended in 50% of incomplete
Freund’s adjuvant. The serum was taken 10 days after the final
injection. Preimmune serum was obtained from rabbits prior to their
immunization with the purified receptor. IgG fractions both of anti-
serum and preimmune serum were prepared by precipitation with
33% ammonium sulfate followed by washing the precipitates twice
with 40% ammonium sulfate. Following dialysis, the samples were
subjected to chromatography on a DEAE-Sephacel column as de-
scribed (27).

Labeling of Sinusoidal Liver Cells with [*S]Methionine—Sinusoi-
dal liver cells were prepared by the collagenase perfusion method as
reported previously (15). To 3 ml of the isolated sinusoidal liver cells
suspended in Hanks’ balanced solution (3.3 x 10° cells/ml) was added
200 uCi of [*S]methionine and the solution incubated for 3 h at
37 °C. After washing with ice-cold 20 mM Tris-HCI (pH 7.4) and 0.15
M NaCl, the cells were resuspended in 2 ml of the same buffer
containing 1% Triton X-100 and 1 mM phenylmethylsulfonyl fluoride,
followed by vigorous mixing on a Vortex mixer for 5 min at 4 °C.
After centrifugation at 12,800 X g for 20 min, the supernatant solution
was divided into two portions. One-half was incubated with 20 ul of
antiserum and the other with preimmune serum on ice for 2 h. To
each solution was added a sufficient amount of Staph A suspension
to trap all the IgG of the added serum. After incubation on ice for 1
h, Staph A particles were freed from unbound materials by extensive
washing. The final pellet was immersed in 80 ul of 0.05 M Tris-HCl
(pH 6.8), 1% NaDodSQO,, and 1% 2-mercaptoethanol, and boiled for
3 min, followed by centrifugation at 12,800 X g for 4 min. A portion
(5 ul) of the resulting supernatant was used for measurement of
radioactivity and the remaining portion was subjected to NaDodSO,-
gel electrophoresis and fluorography as described (28). The film was
exposed for 10 days at —75 °C. The total radioactivity of samples
applied to gel slots was 3,200 cpm for immunoprecipitates by anti-
serum and 1,350 cpm for those by preimmune serum. A gel was
calibrated with the following M, standards which were prepared by
reductive methylation with [*H]formaldehyde according to the re-
ported method (29): phosphorylase b, 94,000; bovine serum albumin,
68,000; ovalbumin, 43,000; carbonic anhydrase, 30,000; soybean tryp-
sin inhibition, 20,000; and «-lactalbumin, 14,500,
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RESULTS

Purification of the Receptor—An attempt was made to pu-
rifv the receptor for f-Alb from Triton X-100 extracts of
membrane fractions of rat livers. Table I summarizes the
purification of the receptor. Most of the solubilized proteins
were not adsorbed to f-Alb-conjugated Sepharose 4B, and
appeared in the breakthrough fraction (Fraction A). The '*I-
f-Alb binding activity was found exclusively in Fraction C,
which was eluted with buffer C (pH 3.0). Rechromatography
of this fraction on the affinity column resulted in a further
increase in specific activity. Overall purification achieved was
almost 1300-fold over solubilized membrane proteins as start-
ing materials. A similar attempt was made to purify a possible
BSA-binding protein(sJ by using a BSA-coupled Sepharose
“¢olumn. However, the f-Alb binding activity was found only
in the flowthrough fraction {data not showti).

Some Molecular Properties of Purified Receptor—A portion
of the active fraction (Fraction C) obtained by the second
affinity chromatography (Table I) was iodinated with '#* as
described under “Materials and Methods.” The iodinated
sample exhibited almost a single peak on polyacrylamide gel
electrophoresis (Fig. 1). As judged from the amount of radio-
activity, 92% of the applied sample was recovered in the peak
fraction (slices 4-10), indicating a high degree of homogeneity
of the active fraction obtained by affinity chromatography.
Fig. 2 shows electrophoretic patterns on a NaDodSO, slab gel
of the '**I-labeled preparation of Fraction C. With pretreat-
ment by NaDodSO, alone, the receptor migrated as a single
band slightly slower than the marker protein of M, = 115,000.
The molecular weight of this peak was estimated to be ap-
proximately 125,000 when calibrated by standard marker
proteins (Fig. 2, inset). On the other hand, pretreatment of
the labeled receptor both with NaDodSO, and 2-mercaptoeth-
anol resulted in separation into two peaks whose molecular
weights correspond to 53,000 and 30,000, respectively. It is
also noted that no band larger than the 53,000 protein was

TABLE 1

Summary of purification of f-Alb receptor from Triton X-100
solubilized rat liver membrane fraction

The membrane fractions were isolated from five rat livers (approx-
imately 50 g) as described under “Materials and Methods.” The
membranes solubilized in 2% Triton X-100 were subjected to an
affinity chromatography on a Sepharose 4B-f-Alb column. Fraction
(" was further purified on the second affinity column of Sepharose-
f-Alb. At each step of purification, aliquots of each fraction were
determined for '*I-f-Alb binding activity and protein contents. The
hinding activity was obtained as the amount of '*]-f-Alb bound with
liposomes in which proteins from each fraction were incorporated as
described under “Materials and Methods.”

Protein® Activity th?l Pur}ﬁ-
activity cation
mg -fold
I. Solubilized membrane 720 0.08 57.6 (100)° 1
proteins
[I. First affinity
chromatography .
Fraction A 680 ND¢
Fraction B 4.5 0.15 0.68
Fraction C 1.2 25 37.5 (65) 313
[II. Second affinity
chromatography
Fraction C 0.21 103 21.6 (38) 1288

“ Specific activity was expressed as micrograms of '*I-f-Alb bound
per protein in which proteins from each fraction were incorporated
as described under “Materials and Methods.”

® Values in parentheses represent the percentage of “total activity”
relative to that for solubilized membrane proteins.

“ ND, not detectable.

A Membrane Receptor for Formaldehyde-treated Serum Albumin

T T T —Y
A 14
¥ wnk 42
@
~
é 10 -10
» ]
3 8 ~48
[+}
L
g 6}- | t;. —6
& 4 = s
o s
hel -
@ 2 /o\o l 42
o A\ a
0 o000 6 4 0
0 10 20 30 20

Slice Number

Fic. 1. Polyacrylamide gel electrophoresis of Fraction C
from f-Alb-conjugated Sepharose 4B chromatography of Tri-
ton X-100 extracts of liver membranes. Fraction C obtained by
the second affinity chromatography on f-Alb-Sepharose 4B was io-
dinated to a specific activity of 2.0 X 10° cpm/ug as described under
“Materials and Methods.” To 30 ul of the radioiodinated sample (5.5
X 10° cpm) was added 10 4l of 0.05 M Tris-HC] buffer (pH 8.2), 30%
glycerol, and 0.01% bromphenol blue as a tracking dye, followed by
electrophoresis on polyacrylamide disc gel (7.5%). After electropho-
resis, the gel was cut into 2-mm thick slices, and radioactivity was
determined. Radioactivity in both upper and lower electrophoretic
chambers was also determined. The total radioactivity recovered from
the upper and lower chambers was 7% and 0.8% of the total radio-
activity applied to the gel, respectively.
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FiG. 2. Electrophoresis of '**I-labeled receptor on Na-
DodSO,-polyacrylamide slab gel. '*I-labeled receptor prepara-
tion (2.2 X 10° cpm) was incubated with, in a final volume of 0.1 ml,
50 mM Tris-HCI (pH 6.8), 6% glycerol, and 1% NaDodSO, for 1 h at
45 °C in the absence (0—-0) or presence (8——@®) of 1% 2-mer-
captoethanol, followed by application to a 6-14% NaDodSO,-poly-
acrylamide slab gel. The gel was stained with Coomassie Brilliant
Blue to locate the following standard proteins; myosin (200,000
(200K)), B-galactosidase (115,000), phosphorylase b (94,000), bovine
serum albumin (68,000), ovalbumin (43,000), carbonic anhydrase
(30,000), soybean trypsin inhibitor (20,000), and «-lactalbumin
(14,500). Their locations are shown by arrows. Bromphenol blue was
used as a tracking dye (TD). The corresponding gel slot was cut into
2-mm thick slices and radioactivity for each slice was determined.


















