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Receptors for a2-macroglobalin-proteinase complexes have been characterized in rat and human liver membranes. The 
affinity for binding of t2Sl-lahelled a2-macroglobniin • trypsin to rat liver membranes was markedly pH-dependent in the 
physiological range with maximum binding at pH 7.8-9.0. The half-time for essoeintion was about 5 min at 37°C in 
contrast to about 5 h at 4°C. The half-saturation constant was about 100 pM at 4°C and I nM at 37°C (pH 7.8). The 
binding eal~city was approx. 300 pmol per g protein for rat liver membranes and about 100 pmol per g for human 
membranes. Radiation inactivation studies showed a target size of 466 4- 71 kDa (S.D., n ~ 7) for az-maerogtob~in • 
trypsin binding activity. Affinity cross-linking to rat and human membranes of t2Sl4abelled rat oq-inhthltor-3- 
chymotrypsin, a 210 kDa analogue which binds to the az-macroglobulin receptors in bepetecytes (Gliewann, J. and 
Sottrup-Jensen, L. (1987) FEBS Lett. 221, 55-60), followed by SDS-polyaerylumide gel eleetmphoresis, revealed 
radioactivity in a band not distinguishable from that of cross-linked a2.maero0obulln (720 kDa). This radioactivity was 
absent when membranes with bound IZSl.ai-inhibitor.3 complex were treated with EDTA before cross-linking and when 
incubation and cross-linking were carried out in the presence of a saturating ¢oncentratiou of unlabelled complex. The 
saturable binding activity was maintained when membranes were solubllized in the detergent 3-[(3-cbolumidepropyl)di- 
methylanunoniolpsopane sulfanate (CHAPS) and the size of the receptor as estimated by crnss-linking experiments was 
shown to be similar to that determined in the membranes. It is eoneluded that liver membranes contain high 
concentrations of an approx. 400-500 kDa a2-maeroglobulin receptor soluble in CHAPS. The soluble preparation 
should provide a suitable material for purification and further characterization of the receptor. 

Introduction 

Human a2-macroglobulin , a 720 kDa plasma protein 
consisting of four identical subunits, 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 macroglobulin 
molecule, followed by rapid elimination of complexes 
from the circulation with a half-time of about 2 rain in 
mice [2] and rats [3]. It has been demonstrated that this 
clearance is predominantly caused by receptor-mediated 
uptake into rodent [3,4] or human [5] hepatocytes. 

The receptor binding of n2-macroglobulin complex, 
i.e., a2-macroglobulin, 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. 
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The purpose of this paper was to characterize a 2- 
macroglobulin • trypsin binding to rat and human liver 
membranes and to estimate the size of the receptor by 
radiation inactivation and by cross-linking the receptor 
to the 210 kDa t2sI-labelled al-inhlbitor-3- chymotryp- 
sin. Moreover, since most a2-macroglobulin receptors in 
the body are in the liver, hepatic membranes should be 
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. 

Materials and Methods 

Macroglobulins 

Human ae-macroglobulin was prepared from pooled 
citrate plasma using Zn 2+ chelate affinity chromatogra- 
phy as previously described in detail in Ref. 9. Rat 
al-inhibitor-3, an approx. 190 kDa analogue of the 
a2-macroglobulin monomer, was prepared from pooled 
EDTA plasma according to previously published proce- 
dures (see Ref. 10). These preparations were gifts from 
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Dr. L. Sottrup-Jensen, Institute of Molecular Biology, 
University of Aarhus. The macroglobulins were 
iod~nated using chloramin-T as an oxidizing agent as 
described in Refs. 6, 11. In brief, 0.4 nmol a2-macro- 
globulin (1.6 nmol subunits) or 1.6 nmol at-inhibitor-3 
in 20 #1 0.2 M sodium phosphate buffer (pH 8.0) was 
mixed with approx. 0.8 nmol ~2s1 (Amersham, U.K.) 
followed by the addition of 0.22 nmol chloramin-T in 5 
p.l phosphate buffer. The reaction was stopped after 1 
rain by the addition of 34 nmol NazS2Os in 10 ~1. The 
a2-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. 
al-inhibitor-3 was complexed with a 4-fold excess of 
chymotrypsin (Worthington, three-times crystallized) 
followed by the addition of pbenylmethanesulfonyl flu- 
oride to 1 mM. The labelled macroglobulin complexes 
were separated from iodine, decay products, trypsin or 
ehymotrypsin and enzyme inhibitors by gel filtration on 
Sephacryl S-300 [61. 

Protein concentrations were measured according to 
Bradford [12], using bovine serum albumin as a stan- 
dard. 

Membranes 
Rat liver membranes were prepared, essentially as 

described by Cuatrecasas [13]. In brief, 10 g of rat liver 
was homogenized (Ultra-Turrax 525 KG-25 GM) for 
2 × 30 s in 250 mM sucrose/10 mM Hopes/5 mM 
EDTA/0.1  mM phenylmethanesulfonyl fluoride (pH 
8.0), followed by centrifugation at 4 8 0 0 0 x g  for 40 
rain. The pellet (containing all binding activity) was 
rehomogcnized in sucrose bnffer and centrifuged at 
20000 × g for 30 min. The supernatant (containing all 
binding activity) was centrifuged at 48000 × g for 40 
rain and resuspended in 140 mM NaCI /10  mM Hopes/2  
mM CaCI2/1 mM MgCiz/0.1 mM phenylmethane- 
sulfonyi fluoride (pH 8.0). This step was repeated once. 
All procedures were carried out at 0* C. The 48 000 × g 
pellet was frozen at - 2 0 " C  in small aliquots contain- 
ing about 4 nag protein/ml.  The yield was about 5 mg 
membrane protein per g rat liver. 

Biopsies of human liver were obtained from deceased 
patients after removal of the kidneys for use in trans- 
plantations. The samples were immediately frozen in 
liquid nitrogen. Specimens of about 5 g were thawed in 
the sucrose buffer and membranes were prepar¢.'l as for 
rat liver with the following modifications: 100 ,ag/ml 
leupeptin was added to the sucrose buffer and the 
20000 × g centrifugation step was changed to 18500 × 
g. 

Incubations 
Digitonin (Sigma), purified as described previously 

in Ref. 14 was added to the membrane stock solution 
(0.30 mg digitonin per mg protein) prior to incubation. 
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60/ tg  membrane protein were incubated with about 15 
pM 1251-1al:elled complex in 200 p.I 140 mM NaCI/10 
mM Hopes/2 mM CaCI2/ I  mM MgCIz/I% albumin 
(pH 7.8) at 4 ° C  or 37 o C. The incubations were stopped 
by the addition of 150 ~tl incubate to 500 ~1 microfuge 
tubes with 300 ~tl 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 showed that the activity bound 
to the membrane preparation - when corrected for 
radioactivity in trapped buffer - was recovered equally 
well after microfuge centrifugation with or without 
washing and after filtration on 0.2 ~m Millipore GVWP 
filters. 

Radiation inactivation 
Samples of rat liver membranes, frozen in e thanol /  

solid CO 2 ( - 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 
preparations (about 8 mg protein/ml)  to minimize sec- 
ondary damage of membrane proteins due to reactive 
oxygen species [15]. Control experiments showed that 
these additions upon dilution to assay conditions did 
not perturb the IZSl-macroglobulin-trypsin binding at 
4°C.  Doses (10-20 kGy per cycle) were measured by 
thermocalorimetry. The target size was determined using 
the equation Mr = 6.4.106.  Tf/D_~ 7 [15], where D37 is 
the dose required (in kGy) to reduce binding activity to 
37% of the control value at 30°C and Tf is the tempera- 
ture correction factor of 1.9 for - 72 ° C [16]. 

Cross-link:ng 
The incubations were carried out for 20 h at 4 ° C  in 

140 mM NaCI /10  mM sodium phosphate/0.6 mM 
CaClz/l% albumin (pH 8.0). The labelled ligand was 
rat al-inhibitor-3-chymotrypsin which was previously 
shown to bind to the az-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- 
cinimidyl suberate (Pierce, 1L, U.S.A.) dissolved to 50 
mM in dimethylsulfoxide [18], followed by incubation 
at 0 ° C  for 10 rain. 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% glyee~'ol followed by 
centrifugation at 15000 × g for 15 min. This provided 
an efficient wash of the pellet and a replacement of the 



328 

incubation buffer  with a buffer  suitable for electro- 
phoresis. Finally, the pellet was dissolved in 5% SDS in 
20 m M  T r i s - H C I / 2 0 ~  glycerol ( pH  6.8), using 100 ~1 
SDS buffer  per  0.2 mg  m e m b r a n e  protein. 

Rat  liver membranes  (0.2 mg  protein) were solubi- 
iized in 100 pl  phosphate  buffer  with 3% C H A P S  
(Aldrich Chemical  Co.) and  incubated as described for 
membranes .  Cross-linking of  the 1 0 0 0 0 0 × g  super- 
na tan t  (100 pl centr ifuged for 10 mJn) was pe r fo rmed  
by incubation with 1.0 m M  disuccinimidyl suberate  for 
5 rain at 2 0 ° C  followed by the addi t ion of  4 vols of  5% 
SDS sample buffer. 

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

Results 

Tab le  I shows the binding of  t251-1abelled a2-macro-  
globulin or  at- inhibitor-3 complexes to rat  or  h u m a n  
liver membranes  at 4 ° C ,  p H  7.8. Digitonin, which  in 
other  exper iments  was found most  effective at the dis- 
played concentra t ion of  0.30 m g  per  m g  m e m b r a n e  
protein,  caused an  almost  3-fold increase in binding to 
both types of  m e m b r a n e  probably  because permeabi l i -  
zat ion facilitates the access of  l igand to the receptor  

TABLE I 

Binding of 1251-labelled human a,-macroglobulin and rat a I -inhibitor.3 
complexes to liver membranes 

The membrane concentration was 0.3 mg/ml and the labelled figands 
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 a2-macroglobulin-trypsin. ~ bound refers to radioactivity in the 
cell pellet in 7o total radioactivity added. The values represent mean 
values of four repficate incubations from a given membrane prepara- 
tion 4- S.D. The values for !25 l-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. 

no addition plus plus digitonin 
digitonin plus excess 

unlabelled 
ligand 

Rat membranes 
1251-a2MT 8.44-0.8 23.2±1.3 0.54.0.1 

Human membranes 
12Sl-a2MT S.5 4.0.4 " 13.74.1,0 0.44.0.1 

Rat membranes 
12~l-at13 
complex 7.1+0.4 19.74.1.1 0.84.0.2 

• Binding measured by filter assay, since human membranes in the 
absence of digitonin did not pellet quantitatively after centrifnga- 
lion in the mlerofuge. 

30] 7" b o u n d  • • 

Rat 4 °e e ~ f  - ~ 

o I,.. ~ . s - 4 . 0  4.~ i .o ~.s ~.o 1.5 ,~.o 
p H  

Fig. l. pH-dependence of 12Sl-labelled a2-macroglobulin binding. The 
incubations were carried out ill the presence of dlgitonln for 20 h at 
4°C (rat, e; human, A) or for l h at 37°C (rat, o). The data are 
corrected for radioactivity associated with the cell pellet in the pre-3- 
ence of 200 nM unlabelled complex. Thig ftmn~lr~le~ ~o 0.K--0.~nZ~ Of 

the added tracer at all pH values. 

sites. The  presence of  a sa turat ing concent ra t ion  (200 
nM)  of  unlabelled a2 -macrog lobu l in ,  trypsin a lmos t  
abolished the radioact ivi ty  associated with the cell pel- 
let. The  effect of  200 n M  al- inhibi tor-3 complex  (da ta  
not  shown) was  similar. Th i s  indicated that  the  two 
iigands were bound  to the  s ame  receptor ,  in ag reemen t  
with previous results on  ra t  hepatocytes  [11]. Moreover ,  
15 p M  ~25I-labelled uncomplexed  a2-maeroglobuf in  or  
at- inhibi tor-3 were  b o u n d  by  less than  1% to the  m e m -  
b rane  prepara t ions  in ag r eemen t  with previous  d a t a  on  
rat  hepatocytes  [6,11]. T h e  residual act ivi ty in the  pres-  
ence of  200 n M  unlabel led l igand cor responded  to the 
a m o u n t  of  radioact ivi ty in bvf fe r  t r apped  in the  m e m -  
brane  pellet, i.e., a b lank value.  In  all subsequen:  exper i -  
me~ts ,  digitonin was present  and  b inding  was  correc ted  
for ~ralues obta ined in the presence o f  200 n M  a2-mac-  
rogk,  bulin • trypsin. 

7. b o u n d  

/ e zo to eo sao tee 

hours 

Fig. 2. Time-course of ~251-labelled a2-macro~obulia binding to rat 
liver membranes. The ordinate shows the • added tracer bound at 

4°C or 37°C (inset). 



pH.dependence and kinetic characterization 
Fig. 1 shows that  b ind ing  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 b inding  at acid pH 
is probably due to a high dissociation rate constant  
causing a low affinity, see Fig. 3A. The apparent  de- 

crease in b ind ing  at pH 9.8 may be due to a partial  
solubi l izat ion of  the membranes.  Binding to rat mem- 
branes at  3 7 ° C  was much lower than at  4 ° C ,  but  the 
pH-dependence was qual i ta t ively similar. The b ind ing  

to human  membranes  showed a less steep pH-depen-  

denee around physiological pH. The following experi- 

ments  were carried out  at p H  7.8. 
Fig.  2 shows a slow b ind ing  of t25I-labelled ¢%-mac- 

rog lobu l in ,  trypsin to rat  membranes at 4 ° C  with a 
half- t ime ~ about  5 h. The  !~;ver ste,~dy-state b ind ing  

1oo~ V, b o u n d  
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o n . . . . .  //. 
- • o o to to 2'0 2'5 

h o u r s  
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40- 

3O- 

tO- 
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° o  ~ t~ t~ ",o eo oo tz0 

r a i n  

Fig. 3. Time.course of 1251-labelled a2-macroglobulin dissociation 
from rat fiver membranes, The membranes were incubated for 20 h at 
4°C, washed at 4°C to dilute tracer in the buffer more than 200-fold 
and incubated without (O) or with (o) 200 nM unlabelled complex. 
The ordinate shows the radioactivity remaining in the cell pellet as a 
percentage of that at time zero (i.e. immediately after wash) in 4°C 
(A) or 37 °C (B) incubaUons. 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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Fig. 4. Concentration-dependence of binding. Panel A shows tbe 
competition-inhibition plots for rat (Q) or human (A) liver mem- 
branes at 4°C and rat liver membranes at 37°C (O). The abscissa 
shows the concentration of free ligand (labelled plus unlabelled). The 
ordinate shows the ratio: membrane-bound/free ligand. Panel B 
shows the same data plotted in the Scatchard form. The 4°C curve 
for rat membranes represents the best fit to a two-receptor model with 
following calculated constants. High-amnity receptors: K a = 84 pM. 
receptor concentration = 83 pM: low-affinity receptors: K d = 1.6 riM, 
receptor concentration = 65 pM. K d for binding to human mem- 
branes at 4 ° C (one-receptor model) was calculated as ~,0 pM and the 

receptor concentration as 24 pM. 

at 37 o C is obta ined much faster, i.e., wi th  a half-t ime of  

about  5 min. 
Fig. 3 shows that  the dissociat ion of p rebound 

labelled complex is faster at  3 7 ° C  (B) thaP. at 4 ° C  (A). 
Excess unlabelled complex accelerated the dissociat ion 

at both  temperatures, a l thcugh less markedly at  3 7 ° C .  

Dissociat ion at pH 6.5 (A) or in the presence of  excess 

E D T A  (B) rapidly abolished the binding.  
Fig. 4 shows the concentrat ion-dependencies as com- 

pe t i t i on - inh ib i t i on  plots (A) or  in the Scatchard form 
(B) in rat  and human  membranes,  Binding  was mainly  
accounted for by receptors with an apparent  dissocia- 

t ion constant  (Kd)  o f  about  100 p M  at 4 ° C ,  a l though 

some sites with lower aff ini ty were also present in the 
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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 

compared with nonirradiated membranes. 

rat membranes in agreement with previous results on  
rat hepatocytes [6]. An  increase in the temperature to 

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

Size esthnation 
Fig. 5 shows the effect of  radioactive dose on a 2- 

macrog lobu l in . t ryps in  b ind ing  at 4 ° C ,  p H  7.8. The  
data  represent radioact ivi ty in  the membrane  pellet  
after incubat ion with tracer in the absence of  unlabel led 
complex minus radioact ivi ty in the presence of  200 n M  

complex. I t  is impor tan t  to note  that  the subtracted 
value remained unchanged at any dose. The  b ind ing  
activity declines exponential ly and the target  size is 
calculated as 466 + 71 kDa  (S.D., n = 7). Glucose-6- 

TABLE n 

Efficiency of cross-linking 

Rat membranes were incubated with 100 pM 1251-1abelled aa-macre- 
glebulin.trypsin follewed by the addition ef disuceinimidyl suberate. 
After 10 min at 4 ° C. I voL of 16 mM EDTA in 62 mM Tris (pH 6.8) 
was added to 3 vol. of membrane suspension followed by incubation 
at 37°C for 10 rain. 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 × g supcrnatant after solubilizatien, both in % activity bound 
to membranes net treated with EDTA. 

Activity (% ef control) 

Disuceinlmidyl 
suberate (raM) 1.0 O.5 0 .25  0.125 O.O6 0.03 0 

% bound after 
EDTA 98 104 92 79 42 17 0 
soluble in 
5% SDS 42 72 86 77 43 19 0 

720 360 210 ~ kDa 

membranes 
E :Jo 

io 

o 

, , , , , , , , , , , 

so B Human 

o = = 

, , , , , , , , , , , 

so C Rat membr. 
so " ~  ~ 

E so 8" 
2 O  

t O  

0 

. . . . . . . . . . . . . . .  ~;s o . ,  . . . . . . . . . . . .  
I q /  

Fig. 6. Size of the cross-linked recepter. Panel A (rat) and B (human) 
shews the electrephoretic migration of al-inhibitor-3 cross-linked to 
membranes and solubihzed in SDS. The membranes were incubated 
with approx. 200 pM labelled complex at 4 ° C and cross-linked with 
0.1-0.2 mM disuccinimidvl suberate, see legend to Table II. The 
membranes were soinliihzed in 5% SDS sample buffer and 30 pl 
applied to a 4% polyacrylamlde gel. The dried gel was cut in 2-5 mm 
slices and ~anted. The marker proteins were arinhibiter-3- 
chymotrypsin (210 kDa), a2-macrog,~obolin (360 kDa) and cross-link- 
ed a2-macreglobufin (720 kDa). The symbols represent: cross-linked 
with tracer only (I), cross.linked in the presence of 80 nM unlabelled 
at-inhibitor-3 (o), 4 mM EDTA added before cros:.linking (z). 
t2Sl-inbelled at-inhthitor-3 from the incubatien medium, i.e. in the 
presence of cross-linker and membra:tes, 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 1.~3 pg membrane cretein was solubilized in 
100 pl phosphate buffer with 3% detergent (CHAPS) and incubated 
with t2SI-labclled at-inhibitor.3 in the absence (@) or presence (o) of 
80 nM unlabelled complex. The results are the mean values of six 

expenmems. 

phosphate  dehydrogenase was i r radiated in the same 
series as an internal  control  and the target size was 
es t imated as 97 kDa  compared to 104 kDa  determined 

by convent;,onal biochemical  methods  [20]. 



The estimation of target size relies on the assumption 
that increasing radiation dose causes a progressive dis- 
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 
t h e  210 kDa al-inhibitor-3 complex, which has about 
the same affinity as a2-macreglobulin complex for the 
receptor (Ref. 11, Table I). When using a cross-linking 
reagent, it is essential to aim at conditions which irce- 
versibly link the ligand to the receptor with a minimum 
of attachment to other membrane components. Table II 
shows that disuccinimidyl suberate at concentrations 
higher than 0.5 mM causes complete irreversible cross- 
lit,king. The labelled protein is then poorly dissolved in 
5% SDS. In addition, part of the solubilized radioactiv- 
ity remained in the stackin!, gel after electrophoresis 
(data not shown). We used 0.1-0.2 mM disuecinimidyl 
suberate with 76-80% of the 12SI-labelled arirthibitor-3 
cross-linked a~'ad complete solubilization of the radioac- 
tivity in the 5% SDS sample buffer. 

Fig. 6, panel A, shows the electrophoretic pattern of 
al-inhibitor-3, chymotrypsin cross-linked to rat mem- 
branes. As markers in the Coom,~ssie-blue-stained gels 
we used cross-linked al-inhibitor-3, chymotrypsin (210 
kDa), a2-macroglobulin (360 kDa) and a2-macroglobu- 
fin cross-linked to maintain the tetrameric form in the 
presence of SDS (720 kDa). 12Sl-labdled al-inhibitor-3 • 
chymotrypsin in the incubation medium was cross-link- 
ed in the presence of membranes and used as a control. 
I t  migrated acco¢ding to its molecular size (210 kDa). 
The migrat ion of 12Sl-labelled a l - i n h i b i t o r - 3 .  
chymotrypsin cross-linked to membranes was not dis- 
tinguishable from the 720 kDa band. Radioactivity was 
absent in this band when membranes were cross-linked 
after incubation with tracer plus a saturating concentra- 
tion of al-inhibitor-3, when EDTA was added after 
incubation but  before cross-linking and when the proce- 
dure was carried out in the absence 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 membranes first 
solubilized, incubated with tracer and then cross-linked. 
A peak is seen in the 720 kDa r e , o n  similar to that 
observed with cross-linked membranes, l 'his peak is 
absent when cross-linking is carried out in the presence 
of excess unlabelled l~gand. Thus, saturable binding can 
be detected after solubilization and the size of the 
putative receptors remains the same as that estimated in 
the membranes. 

Discussion 

The results obtained with fiver membranes at 4 ° C  in 
terms of kinetics and concentration-dependence are 
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similar to those obtained previously with isolated 
hepatocytes at that temperature [5,6], except that the 
pH-dependence of binding has not been evaluated be- 
fore. The a2-macroglobulin complex receptors therefore 
retain their basic characteristics in the membrane 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- l0  s hepatocytes ~,nd 
these contain about 10 pmol high-affinity receptors 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 half of the c~z-macroglobnlin complex 
receptors expressed on the surface of the hepatoeytes. 

One advantage of using isolated membranes is that 
binding can be determined independent of uptake. We 
find that the a2-macroglobuliu complex-receptor affin- 
ity is much lower at 37°C and that binding at low 
concentrations of the complex (far below the Kd) oc- 
curs with a half-time of about 5 rain. Uptake of a low 
concentration of labelled complex in isolated hepato- 
cytes at 37 ° C  occurs with a half-time of about 60 rain 
[21]. The rate-limiting step for uptake into hepatocytes 
is therefore the rate of endoeytosis of receptor-bound 
complex rather than the rate of binding of complex. 

We used radiation inactivation and affinity cross- 
linking o, membrane-bound at-inhibitor-3 complex to 
determine the size of the receptor. Both methods esti- 
mate a functional size rather than the size of a putative 
binding subunit. Thus, the target size estimated from 
radiation inactivation studies has in several cases been 
shown to represent oligomers of membrane-associated 
proteins [22,23]. Likewise, cross-linking of the labelled 
ligand may occur not only to a single receptor in the 
membrane, 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 accurate with the techniques available, i t  is 
fair to conclude that the receptor is unusually large. It is 
possible, therefore, that the receptor consists of two or 
more subunits. If so, the subunits must remain closely 
associated in the detergent, since the size of the cross- 
linked solubilized receptor was not distinguishable from 
that of the cross-linked membrane-bound receptor. One 
possibility is that the receptor is a disulfide-linked 
oligomer. Unfortunately, it was not possible to test this 
hypothesis, since reduction caused fragmentation of a l- 
inhibitor-3 [17]. 

The size of the a2-macroglobulin receptor has previ- 
ously been estimated in human fibroblasts [24,25] and 
fibroblast-like cells [26-28]. Hanover et at. [26] have 
solubilized membranes in 0cty1,8-D-glucoside and mea- 
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sured the binding activity in the protein precipitate after 
removal of the detergent by dialysis. Gel filtration 
showed elution of most of the binding activity in a 
broad peak corresponding to approx. 160 l~Da. Hanover 
et al. [27] subsequently radioiodinated the precipitate 
containing binding activity followed by solubilization in 
Triton X-100. A small fraction of the activity was 
retained on an affinity column and subsequently ehited 
in EDTA buffer. A major part of the radioactivity in 
the ehiate (which did not contain binding activity) was 
in a 85 kDa band on SDS-polytcrylamide gels and this 
was tentatively identified as a component 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 Afting [24] have lysed fibroblasts with 
receptors occupied by n saturating concentration of 
a2-macroglobulin complex in Nonidet P-40 followed by 
affinity chromatography on immobilized protein A pre- 
loaded with antiserum against a2-macroglobulin. Elu- 
tion was performed with SDS followed by electrophore- 
sis and transfer to nitrocellulose sheets. After renatura- 
tion, a 125 kDa band was able to bind a2-macroglobu- 
lin complex as detected by incubations with anti- 
c~2-macroglobulin and labelled protein A. A potential 
problem with this technique is that a 125 kDa fragment 
of a2-macroglobulin might be bound to the sheets and 
could be detected by the anti-a2-macroglobulin. 

Finally, Marynen et al. [25] have solubilized mem- 
branes from metabolically labelled fibroblasts in Triton 
X-100. Binding activity was detected using precipitation 
with poly(ethylene glycol) and was eluted from columns 
with immobilized ¢x2-macro~lobulin complex together 
with two major (360 and 83 kDa) and one minor (130 
kDa) labelled band identified by SDS-polyacrylamide 
electrophoresis. 

No clear picture emerges from these previously pub- 
lished results. One possibility is that the receptor in 
fibroblasts is a 360 kDa protein and that the 130 kDa 
and 83-90 kDa components are proteolytic breakdown 
products of the receptor. If so, the size of the receptor 
in fibroblasts may be similar to that in hepatocytes, 
since our size estimates are compatible with a 400 kDa 
receptor. Affinity cross-linking of receptor preparations 
should be a valuable tool for comparing the receptor 
size in various cell types. Moreover, the solubilized 
hepatic receptor preparation with preserved binding 
activity should be suitable for purification of the 
quantitatively dominating type of ¢x2-macroglobulin 
complex receptors. 
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