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Characterization, size estimation and solubilization
of a-macroglobulin complex receptors in liver membranes
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for lobulil have been in rat and human liver membranes. The

affinity for bhldlng of > -iabelled a,-macroglobulin + trypsin {0 rat liver h was pH-d in the

logical range with binding at pH 7.8-9.0. The half-time for association was about § min at 37°C in
conm to ahout 5 h at 4°C. The half-saturation constant was about 100 pM at 4°C and 1 nM at 37°C (pH 7.8). The
bmdmgcapuity Was approx. 300 pmol per g protein for rat liver membranes and about 100 pmol per g for human

ion studies showed a target size of 466 + 71 kDa (S.D., n = 7) for a;-macroglobulin -

trypsin binding activity. Affinity cross-linking to rat and human membranes of ‘“l-lahelled rat aj-inhibitor-3 -
chymotrypsin, a 210 kDa analogue which binds to the a; dobuli in h (Glieann, 3. and
Sottrup-Jensen, L. (1987) FEBS Lett. 221, 55-60), followed by SDS-polyacrylamide gel electrophoresis, revealed

radioactivity in a band not distinguishable from that of cross-linked a,-macroglobulin (720 kDa). This radioactivity was

absent when memb with bound '**]-a,-irhibitor-3

were treated with EDTA before cross-linking and when

incubation and cross-linking were carried out in the presence of a saturating concentration of uniabelled complex. The

saturable binding activity was maintained when membranes were solubilized in the
(CHAPS) and the size of the receptor as estimated by linking experi was
shown to be similar to that ined in the b

3-{(3-cholami

propy

It is "'ﬂuthvermunbnnesc«nﬁnlligh

concentrations of an approx. 400-500 kDa «,-macroglobulin receptor soluble in CHAPS. The soluble preparation

should provide a suitable material for purification and further ch

Introduction

Human az-macroglohuhn a 720 kDa plasma protein
isting of four id its, forms stable com-
plexes with a wide variety of proteinases (for review, see
Ref. 1). This causes the expression of previously con-
cealed receptor recognition sites in the macroglobulm

ization of the

‘The purpose of this paper was to characterize a,-
macroglobulin - trypsin binding to rat and human liver
membranes and to estimate the size of the receptor by

and by linking the P
t.otheZlOkDa'”I"‘“" \-inhibi 3. vp-
sin. N : since most fobuli in
the body are in the liver, hepatic membranes should be

lecule, followed by rapid elimi of

from the circulation with a half-time of about 2 min in

mice [2] and rats [3]. it has been demonstrated that thls
i ly caused by P

uptake mto mdem {3.4] or human {5} l\epatocytes

a suitable source for preparation and purification of the
receptor. As the first step in this direction, we therefore
wanted to see whether the receptor could recognize the
ligand after solubilization in a suitable detergent.

The receptor binding of
ie., az-macroglobuhn trypsin, has been studied exten-
sively in hepatocytes (6] and other cell-types [7,8] at
4°C. However, binding at physiological temperatures
cannot be readily measured separate from uptake in
preparations of intact cells.

Correspondence: J. Gliemann, Institute of Physiclogy, University of
Aarhus, Universitetsparken, DK-8000 Aarhus C, Denmark.

ials and Meth

Macroglobulins
Human lobulin was prepared from pooled
citrate plasma using Zn?* chelate affumy chromatogra-
phy as previously described in detail in Ref. 9. Rat
- mhnbltor—B an approx. 190 kDa analogue of the
was prepared from pooled
EDTA plasma ding to previously published proce-
dures (see Ref. 10). These prepanuons were gifts from
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Dr. L. Sottrup-Jensen, Institute of Molecular Biology,
Umversuy of Aarhus. The macroglobulins were

di d using in-T as an agent as
described in Refs. 6, 11. In brief, 0.4 nmol a,-macro-
globulin (1.6 nmol subunits) or 1.6 nmol a,-inhibitor-3
in 20 pl 0.2 M sodium phosphate tuffer (pH 8.0) was
mixed with approx. 0.8 nmol '**I (Amersham, U.K.)
followed by the addition of 0.22 nmol chl in-T in 5
pl phosphate buffer. The ion was stopped after 1
min by the addition of 34 nmol Na,$,0; in 10 pl. The
a,-macroglobulin complex was formed by reacting for 5
min with a 10-fold excess of trypsin (Boehringer) fol-
lowed by the addition of soybean trypsin inhibitor.
a,-inhibitor-3 was complexed with a 4-fold excess of
chymotrypsin (Wonhington, three-times crystal]ized)
followed by the addition of pl imeth Ifony! flu-
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60 pg membrane protein were incubated with about 15
PM '*I-latened complex in 200 pl 140 mM NaCl/10
mM Hepes/2 mM CaCl,/1 mM MgCl,/1% albumin
(pH 7.8) at 4° C or 37°C. The incubations were stopped
by the addition of 150 pl incubate to 500 ul microfuge
tubes with 300 pl 0°C buffer followed by centrifuga-
tion for 3 min at about 10000 X g and one wash of the
pellet with 0°C buffer. Finally. the pellet was cut off
and counted in a well-type gamma counter (efficiency
55%., background 7 cpm). The coefficient of variation
for replicate values was 5-8%. The results of incubation
experiments are presented as mean values of three repli-
cates unless otherwise stated.

Control experiments show::d that the activity bound

to the — when d for
"

oride to 1 mM. The labelled macroglobulin complexes
were separated from iodine, decay products, trypsin or
chymotrypsin and enzyme inhibitors by gel filtration on
Sephacryl S-300 (6].

Protein were to

q a4

ivity in trapped buffer — was recovered equally
well after microfuge centrifugation with or without
washing and after filtration on 0.2 pm Millipore GVWP
filters.

Radi.

Bradford [12], using bovine serum albumin as a stan-
dard.

Membranes
Rat liver were prep ially as

of rat liver frozen in ethanol/
solid CO, (—72°C) were irradiated using a linear accel-
erator producing electrons at 10 MeV. 10 mM benzoic
acid and 10 mM mannitol were added to the membrane

described by Cuatrecasas [13]. In brief, 10 g of rat liver
was homogenized (Ultra-Turrax 525 KG-25 GM) for
2X30 s in 250 mM sucrose/10 mM Hepes/5 mM
EDTA/0.1 mM phenylmethanesulfonyl fluoride (pH
8.0), followed by centrifugation at 48000 X g for 40
min. The pellet (containing all binding activity) was
rehomogenized in sucrose buffer and centrifuged at
20000 X g for 30 min. The supernatant (containing ail
binding activity) was centrifuged at 48000 X g for 40
min and resuspended in 140 mM NaCl/10 mM Hepes,/2
mM CaCl,/1 mM MgCl,/0.1 mM phenylmethane-
sulfonyl fluoride (pH 8.0). This step was repeated once.
All procedures were carried out at 0°C. The 48000 x g
pellet was frozen at —20°C in small aliquots contain-
ing about 4 mg protein/ml. The yield was about 5 mg
membrane protein per g rat liver.
Biopsies of human liver were obtained from deceased
pauents after removal of the kxdneys for use in trans-
The ples were diately frozen in
liquid nitrogen. Specimens of about 5 g were thawed in
the sucrose buffer and membranes were prepared as for
rat liver with the following modifications: 100 ug/ml
leupeptin was added to the sucrose buffer and the
20000 X g centrifugation step was ch d to 18500 x
8

Incubations
Digitonin (Sigma), purified as described prevnously
in Ref. 14 ‘was added to the b stock )|

preparations (about 8 mg protein/ml) to minimize sec-
ondary damage of b due to reactive
oxygen species [15]. Control experiments showed that
these additions upon dilution to assay conditions did
not perturb the '*I-macroglobulin - trypsin binding at
4°C. Doses (10-20 kGy per cycle) were measured by
thermocalorimetry. The target size was determined using
the equation M,=6.4-10°- T,/Dy, [15], where Ds, is
the dose required (in kGy) to reduce binding activity lo
37% of the control value at 30°C and T; is the tempera-
ture correction factor of 1.9 for —~72°C [16].

Cross-linking

The incubations were carried out for 20 h at 4°C in
140 mM NaCl/10 mM sodium phosphate/0.6 mM
CaCl,/1% albumin (pH 8.0). The labelled ligand was
rat a-inhibitor-3 - chymotrypsin which was previously
shown to bind to the a,-macroglobulin receptors [11].
Binding in the phosphate buffer was not different from
that obtained in the routine incubation buffer.
Cross-linking of the membrane-bound receptor was per-
formed by the addition with vigorous stirring of disuc-
cinimidy! suberate (Pierce, IL, U.S.A)) dissolved to 50
mM in dimethylsulfoxide [18], followed by incubaiion
at 0°C for 10 min. EDTA was added to a final con-
centration of 4 mM to remove Ca®* and thereby disso-
ciate noncross-linked ligand from the receptor [6}. One
vol. of membrane suspension was layered onto 6 vols of
60 mM Tris-HCl (pH 6.8)/5% glycerol followed by

(0.30 mg di per mg p prior to incub

centri ion at 15000 X g for 15 min. This provided
an efficient wash of the peilet and a replacement of the
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incubation buffer with a buffer suitable for electro-
phoresis. Finally, the pellet was dissolved in 5% SDS in
20 mM Tris-HC1/20% glycerol (pH 6.8), using 100 pl
SDS buffer per 0.2 mg membrane protein.

Rat liver membranes (0.2 mg protein) were solubi-
iized in 100 ul phosphate buffer with 3% CHAPS
(Aldrich Chemical Co.) and incubated as described for
membranes. Cross-linking of the 100000 X g super-
natant (100 gl centrifuged for 10 mm) was performed
by incubation with 1.0 mM di: for
S min at 20°C followed by the addition of 4 vols of 5%
SDS sample buffer.

Electrophoresis was carried out according to Laem-
mli [19], using 80 mm long and 0.4 mm thick 4%
acrylamide/ bisacrylamide 30:0.8 slab gels and a sam-
ple size of 30 pl.

Results

Table I shows the binding of '*I-labelled a,-macro-

1 or a; -3 pl to rat or human
hver membranes at 4°C, pH 7.8. Digitonin, which in
other experiments was found most effective at the dis-
played concentration of 0.30 mg per mg membrane
protein, caused an almost 3-fold increase in binding to
both types of membrane probably because permeabili-
zation facilitates the access of ligand to the receptor

TABLE |

30, % bound

Rat4°C
20
Human 4 °C
10
Rat 37°C
— e —T—T—T— 7T
60 85 70 75 80 85 00 03 100

pH
Fig. 1. pH-dependence of 2*I-labelled ay-macroglobulin binding. The
incubations were carried out in the presence of digitonin for 20 h at
4°C (rat, ® human, a) or for 1 h at 37°C (rat, O). The data are
corrected for radioactivity associated with the cell pellet in the pres-
ence of 200 nM unlabelled complex. Thic amonnted to 0.6-08% of
the added tracer at all pH values.

sites. The presence of a saturating concentration (200
nM) of unlabelled az-macmglobulm trypsin almost
bolished the radi d with the cell pel-
let. The effect of 200 nM a;-inhibitor-3 complex (data
not shown) was similar. This indicated that the two
ligands were bound to the same receptor, in agreement
with previous results on rat hepatocytes [11]. Moreover,
15 pM 'ZLlabelled lexed o, bulin or
a,-inhibitor-3 were bound by less than 1% to the mem-
brane p with previous data on

rat hep fs, 11] The residual activity in the pres-

Binding of '*°I-labelled human

complexes to liver membranes

in and rat a,-inhibitor-3

The membrane concentration was 0.3 mg/ml and the labelled ligands
were added to concentrations of about 15 pM. The incubation time
was 20 h at 4°C, pH 7.8. Digitonin was present at a concentration of
0.30 mg per mg membrane protein. Excess unlabelled refers to 200
nM a,-macroglobulin- trypsin. % bound refers to radioactivity in the
cell pellet in % total radioactivity added. The values represent mean
values of four replicate incubations from a given membrane prepara-
tion+S.D. The values for *1-macroglobulin-trypsin binding varied
from 18 to 32% between rat membrane preparations and from 10 to
15% between human membrane preparations in the presence of dig-
itonin.

% Bound to liver membrane

noaddition  plus plus digitonin

digitonin  plus excess
unlabelled
ligand
Rat membranes
1250, MT 84108 232413 05+0.1
Human membranes
135, MT 55+04%  137+10 04101
Rat membranes
15,1,
complex 71204 197£11  08+02

* Binding measured by filter assay, since human membranes i in the
absence of digitonin did not pellet q after

ence of 200 nM unlabelled ligand ded to the
amount of radioactivity in buffer trapped in the mem-
brane pellet, i.e., a blank value. In all subsequent experi-
merts, digitonin was present and binding was corrected

for values ob d in the p of 200 nM ay
roglobulin - trypsin.
1 % bound
4°C
204
.
% bound o
104 + .
3
2 37°%
e .
min
o f—
0 20 40 60 120 180
4 8 1z 18 g0 =2
hours
Fig. 2. Time-course of '**I-labelled a-macroglobulin binding to rat
liver The ordinate shows the % added tracer bound at

tion in the microfuge.

4°C or 37°C (inset).



pH-dependence and kinetic ch

Fig. 1 shows that binding to rat liver membranes at
4°C was markedly dependent on pH with a maximum
in the range of 7.8-9.0. The reduced binding at acid pH
is probably due to a high dissociation rate constant
causing a low affinity, see Fig. 3A. The apparent de-
crease in binding at pH 9.8 may be due to a partial
solubilization of the membranes. Binding to rat mem-
branes at 37°C was much lower than at 4°C, but the
pH-d d was ively similar. The binding
to hnman membranes showed a less steep pH-depen-
dence around physiological pH. The followi
ments were carried out at pH 7.8.

Fig. 2 shows a slow binding of '**I-labelled «,-mac-
roglobulin . trypsin to rat membranes at 4°C with a
half-time f about 5 h. The lower sicady-state binding

experi-

1004 2 bound
20
80 A4°C
704
80

3504

2 4 6 8 1015 20 a3

. hours
1004 % bound

nnJ

a0 B 37°C

604
50
404
30+
20 \\
o ~—— ~=.
- T y T
s 10 15 30 60 90 120
min
Fig. 3. Time-course of '?*I-labelled agmacroglobulin dissociation
from rat liver ‘The were for 20 h at

4°C, washed at 4°C to dilute tracer in the buffer more than 200-fold

and incubated without (@) or with () 200 nM unlabelled complsx.

The ordinate shows the radioactivity remaining in the cell pellet as a

percentage of that at time zero (i.c. immediately after wash) in 4°C

{(A) or 37°C (B) incubations. The open square shows the effect of pH

6.5 (4°C) and the filled square that of 4 mM EDTA (37°C) in the
dissociation medium.
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B/F - 10°

0
10 oo 1000 10000 100000
M complex (pM)

B

B/F - 10°

Rat 37 °C

50 100 120
Bound (pM)

Fig. 4. Concentration-dependence of binding. Panel A shows the
competition-inhibition plots for rat (@) or human (a) liver mem-
branes at 4°C and rat liver membranes at 37°C (0). The abscissa
shows the concentration of free ligand (labelled plus unlabelled). The
ordinate shows the ratio: membrane-bound/frce ligand. Panel B
shows the same data plotted in the Scatchard form. The 4°C curve
for rat the best fittoa ptor model with
following calculated constants. High-affinity receptors: Kq =384 pM.
receptor concentration = 83 pM; low-affinity receptors: K, =1.6 nM,
receptor concentration = 65 pM. K, for binding to human mem-
branes at 4° C (one-receptor model) was calculated as $0 pM and the
recepror concentration as 24 pM.

at 37°C is obtained much faster, i.c., with a half-time of
about 5 min.

Fig. 3 shows that the dissociation of prebound
fabelled complex is faster at 37°C (B) than at 4°C (A)
Excess unlabelled the di
at boih temperatures, althcugh less markedly at 37°C.
Dissociation at pH 6.5 (A) or in the presence of excess
EDTA (B) rapidly abolished the binding.

Fig. 4 shows the concentration-dependencies as com-
petition—inhibition plots (A) or in the Scatchard form
(B) in rat and human membranes. Binding was mam!y

d for by P with an
tion constant (K,) of about 100 pM at 4°C althuugh
some sites with lower affinity were also present in the
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Target Size
466 x 71 kDa

-2

In(B/B,)

-3
20 40 60 80 100
Bound (pM)

0 10 20 30

% % 6 70 80
kGy

Fig. 5. Radiation inactivation of binding activity. The ordinate shows
the natural logarithm to binding in membranes irradiated with a given
dose divided by binding in nonirradiated membranes. The points are
the mean values from seven experiments +1 S.D. The target size was
calculated from the 7 regression lines as 466+ 71 kDa (1 S.D.). The
inset shows Scatchard plots of membranes irradiated with 40 kGy as

pared with noni

rat membranes in agreement with previous results on
rat | [6]. An i in the T to

37°C caused a marked decrease in the receptor affinity.

Size estimation

Fig. 5 shows the effect of radioactive dose on a,-
macroglobulin - lry-psm binding at 4°C, pH 7.8. The
data ivi y in the b pellet
after incubation with tracer in the absence of unlabelled
complex minus radioactivity in the presence of 200 nM
complex. It is important to note that the sut

720 360 210 =—kDa

504
0] A Rat
membranes
E 30
S
5_20-
104
o
— T —r—
30+ B Human
£ membranes
E
=~
E
g

0 C Rat membr.
solubilized

cpm/mm

0.0 0.1 02 0.3 04 0.5 0.6 07 08 09 10
Rt

Fig. 6. Size of the cross-linked receptor. Panel A (rat) and B (human)

value remained unchanged at any dose. The binding
activity declines exponentially and the target size is
calculated as 466 + 71 kDa (S.D., n=7). Glucose-6-

TABLE It
Efficiency of cross-linking

Rat membranes were incubated with 100 pM %J-labeiled a,-macro-
globulin - trypsin followed by the addition of disuccinimidyl suberate.
After 10 min at 4° C. 1 voi. of 16 mM EDTA in 62 mM Tris (pH 6 8)
was added to 3 vol. of ion followed by i

at 37°C for 10 min. The membranes were layered over 62 mM
Tris/5% glycerol, then pelleted and dissolved in 5% SDS. The values
refer to activity in the pelleted membranes after EDTA or in the
100000 X g supernatant after solubilization, both in % activity bound
to membranes not treated with EDTA.

shows the el migration of a;-inhibitor-3 cross-linked to
and ilized in SDS. The were il

with approx. 200 pM labelled complex at 4°C and cross-linked with
0.1-0.2 mM disuccinimidyl suberate, sce legend to Table II. The
membranes were solubilized in 5% SDS sample buffer and 30 gl
applied to a 4% polyacrylamide gel. The dried gel was cut in 2-5 mm
slices and ccunted. The marker proteins were ap-inhibitor-3-

y psin (210 kDa), in (360 kDa) and Tink:
ed ay-macroglopulin (720 kDa). The symbols represent: cross-linked
with tracer only (@), cross-linked in the presence of 80 nM unlabelied
ay-inhibitor-3 (), 4 mM EDTA added before cros:- hnkmg (8).
151-labelled a;-inhibitor-3 from the incubation medium, i.e. in the
presence of cross-linker and membraues, is also shown (X). The
results are the mean values of six (A) or four (B) replicate cross-link-
ing experiments run on the same batch of gels. Panel C shows the
pattern obtained when 139 ug membrane protein was solubilized in
100 ul phosphate buffer with 3% detergent (CHAPS) and incubated
with 12*I-labelled ay-inhibitor-3 in the absence (®) or presence (O) of

Activity (% of control)
Disuccinimidyl
suberate (mM) 1.0 05 025 0125 006 003 0
% bound after
EDTA 98 104 92 79 a2 17 0
% soluble in
5% SDS 42 72 86 7 43 19 0

80 nM unlab, compiex. The results are the mean values of six
experiments.
hospt dehyd was irradiated in the same

senes as an internal control and the target size was
estimated as 97 kDa compared to 104 kDa determined
by col i ds [20].




The estimation of target size relies on the assumpnon
that increasing radiation dose causes a prog dis-
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snmllar to those obtained previously with isofated

appearance of binding sites rather than a decrease in
affinity. The inset of Fig. 5 shows that this is the case
within the limits of interpretation of nonlinear Scatchard
plots.

Cross-linking to the receptors was carried out using
the 210 kDa «,-inhibitor-3 complex, which has about
the same affinity as a,-macroglobulin complex for the
receptor (Ref. 11, Table I). When using a cross-linking
reagent, it is essential to aim at conditions which irre-
versibly link the ligand to the receptor with a minimum
of h to other b T Tablc 1
shows that di dyl sut at
higher than 0.5 mM causes complete 1rreversnble Cross-

patocytes at that [5.6), except that the
pH-dependence of binding has not been evaluated be-
fore. The ay complex recep h
retain their basic ch istics in the b pre-

paration. The amount of high-affinity receptor present
in membranes from one rat liver (7 g, approx. 40 mg
membrane protein) is about 5 pmol, see legend to Fig.
4B. Previous morphometric results [3] have shown that a
7 g rat liver contains about 6-10® hepatocytes and
these contain about 10 pmel high-affinity rcceptors as
estimated from incubations at 4°C (Ref. 6, Fig. 5B,
legend). This calculation, which should be taken with
much caution, suggests that the membrane preparation
contains about nalf of the «,-macroglobulin complex

linking. The labelled protein is then poorly dissolved in
5% SDS. In addition, part of the solubilized radioacti

recep p d on the surface of the hepatocytes.

ity remained in the stacking gel after electrophoresis
(data not shown). We used 0.1-0.2 mM disuccinimidyl
suberate with 70-80% of the '?*I-labelled aj-inhibitor-3
cross-linked and complete solubilization of the radi

One ad ge of using isolated membranes is that
binding can be de(ermmed mdependem of uptake. We
find that the in ptor affin-

ity is much lower at 37°C and that binding at low

tivity in the 5% SDS sample buffer.

Fig. 6, panel A, shows the electrophoretic pattern of
ay-inhibitor-3 - chymotrypsin cross-linked to rat mem-
branes. As L in the C ie-blue-stained gels
we used cross-linked a;-inhibitor-3 - chymotrypsin (210
kDa), ay-macroglobulin (360 kDa) and az-macroglobu-

linked to mai the ic form in the
presenee of SDS (720 kDa). **I-labelled a-inhibitor-3 -
chymotrypsin in the incubation medium was cross-link-
ed in the presence of membranes and used as a control.
It migrated acco:ding to its molecnlar size (210 kDa)
The . of 121.labelled .

of the (far below the K,) oc-
curs with a half-time of about 5 min. Uptake of a low
ion of labelled plex in isolated hepato-
cytes at 37°C occurs with a half-time of about 60 min
[21). The rate-limiting step for up(ake into hepatocyles
is therefore the rate of end: of P
complex rather than the rate of binding of complex.
We used radiation inactivation and affinity cross-
linking o -bound ay-inh 3 to
determine the size of the reccptor Both methods esti-
mate a functional size rather than the size of a putative
bmdmg subuml Thus, the target size estimated from

ypsin linked to b was not dls-
tinguishable from the 720 kDa band. Radioactivity was

studies has in several cases been
shown to ki of

absent in this band when membranes were cross-linked
after incubation with tracer plus a

[22,23). Likewise, cross-linking of the labelled
ligand may occur not only to a single receptor in the

uon of a,-inhibitor-3, when EDTA was added after
hation but before linking and when the proce-
dure was carried out in the absenoc of disuccinimidyl
suberate. Thus, the ligand was affinity cross-linked to a
400-500 kDa membrane protein. Panel B shows the
same pattern for human membranes.
Panel C shows the pattern for rat b first

b but also to other proteins associated with
high affinity to the receptor. including neighboring re-
ceptors.

The two methods gave similar estimates, i.e., 400-500
kDa. Even though it should be noted that this estimate
is not very with the techni ilable, it is
fair to conclude that the receptor is unusually large. It is

solubilized, incubated with tracer and then linked.

ible, therefore, that the receptor consists of two or

A peak is seen in the 720 kDa region similar to that
observed with cross-linked membranes. This peak is
absent when cross-linking is carried out in the presence
of excess unlabelled ligand. Thus, saturable binding can
be detected after solubilization and the size of the
Pputative receptors remains the same as that esti d in

more its. If so, the sub must remain closely
associated in the detergent, since the size of the cross-
linked solubilized ptor was not distinguishable from
that of the cross-linked membrane-bound receptor. One
possxblllly is that the receptor is a disulfide-linked
ly, it was not possible to test this

Unfor

the membranes.
Discussion

The results obtained with liver membranes at 4°C in
terms of kinetics and concentration-dependence are

hypoth since reduction caused ion of ay-
inhibitor-3 [17].

The size of the a,-macroglobulin receptor has previ-
ously been esti d in human fibrobl: [24,25] and
fibroblast-like cells {26-28]. Hanover et al. [26] have
solubilized b in octyl B-p-glucoside and mea-
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sured the binding activity in the protein precipi after

removal of the detergent by dialysis. Gel filtration
showed elution of most of the binding activity in a
broad peak correspondmg lo approx 160 kDa. Hanover
et al. [27] subseq d the precipi
containing binding activity followed by solublhzation in
Triton X-100. A small fraction of the activity was
retained on an affinity column and subsequently eluted
in EDTA buffer. A major part of the radioactivity in
the eluate (which did not contain binding activity) was
in a 85 kDa band on SDS -polyacrylamide gels and this
was ified as a p of the recep-
tor. In a subsequent study, Hanover et al. [28] suggested
that a 180 kDa protein, which readily fragments to a 90
kDa form, is a component of the receptor.

Frey and Al‘tmg [24] have lysed ﬁbroblasts with

d by a of

al—macroglobulm complex in Nonidet P-40 followed by
affinity chromatography on immobilized protem A pre-
loaded with anti against bulin, Elu-
tion was performed with SDS followed bd electrophore-
sis and transfer to nitrocellulose sheets. After renatura-
tion, a 125 kDa band was able to bind a,-macroglobu-
lin complex as detected by incubations with anti-
a,-macroglobulin and labelled protein A. A potential
problem with this technique is that a 125 kDa fragment
of a,-macroglobulin might be bound lo the sheets and
could be d d by the anti li

Finally, Marynen et al. [25] have solubilized mem-
branes from bolically labelled fibrobl in Triton

gl and a-inhibitor-3 and Dr. J. Jensen
for glucose-6-phosphate dehyd activity mea-
surements. This study was supported by the Danish
Biomembranes Research Center, Nordisk Insulin Fond,
P. Carl Petersen Fond and Aarhus Universitets Forsk-
ningsfond.
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