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Summary. The insulin binding properties and the molecular 
weights of the insulin receptor and its insulin binding subunit 
were studied in omental and subcutaneous adipocytes pre- 
pared from obese- and normal-weight subjects. Insulin bind- 
ing by such adipocytes was decreased in obesity when the 
binding activity was expressed per unit of cell surface area. 
No significant difference from the lean controls was evident, 
however, when binding was calculated on a per cell basis, in- 
dicating that the total receptor content of the cells from the 
obese subjects was not altered. In addition, the normal differ- 
ence in the receptor binding affinities previously reported be- 
tween omental and subcutaneous cells from lean individuals 
was unaffected by the obese condition. Studies of the molecu- 
lar weight of the non-reduced insulin receptor in fat cell mem- 
branes prepared from pieces of omental and subcutaneous fat 
demonstrated a major receptor species of 390-425K Mr. In 
contrast, adipocytes isolated by collagenase treatment of the 
fat had heterogenous non-reduced receptor species of Mr 

355K, 285K and small amounts of 427K and 182K. Although 
different non-reduced receptor species were evident depend- 
ing on the adipocyte receptor preparation (e. g. isolated adipo- 
cytes or fat cell membranes), no differences were found be- 
tween obese and lean controls or between subcutaneous and 
omental receptors when the appropriate comparisons were 
made. Upon sulphydryl reduction, all receptor preparations 
had a major binding subunit of 125K M~. In conclusion, obes- 
ity is characterized by a dilution of the insulin receptor over 
the adipocyte cell surface in the absence of a change in total 
cellular content of receptors. The difference in insulin binding 
affinities between omental and subcutaneous adipocytes 
could not be explained by an alteration in receptor molecular 
weight. 

Key words: Insulin receptor, obesity, adipocyte, subcutaneous 
fat, omental fat. 

Obesity is a well recognized insulin resistant state in 
man  [1]. A large amount  of  work has focussed on the in- 
citing factor(s) that induces this resistance and on the al- 
teration(s) in target cells responsible for the change [2]. 
One such area involves the insulin receptor  and the pos- 
sibility that a decrease in insulin binding contributes to 
the diminished insulin action reported in human  adipo- 
cytes. Results f rom several of  these studies have indicat- 
ed a decrease in the total number  of  insulin receptors 
per  adipocyte in obesity, which suggested that a change 
in receptor  regulation might contribute to the hormonal  
resistance [3-6]. Other  studies, however, have demon-  
strated a change only in the receptor density on the cell 
surface [7-9], a feature associated with increased size of  
the adipocytes. 

All previous insulin binding studies in obesity have 
used adipocytes taken from subcutaneous fat even 
though omental  adipose tissue forms a substantial part  
o f  the overall fat deposits [10]. In the present study, we 
have examined the insulin binding properties of  omen- 
tal adipocytes f rom obese- and normal-weight subjects 
and re-examined insulin binding by the subcutaneous 
cells. Since little is known of  the structure of  the human  
adipocyte receptor, affinity labelling procedures and so- 

dium dodecyl sulphate electrophoresis have been used 
to evaluate the molecular  weight of  the receptors in 
these tissues. This investigation also provided an oppor-  
tunity to determine whether  obesity alters the normal 
difference found in insulin-binding affinities of  omental  
and subcutaneous receptors previously described in 
lean individuals [11]. 

Subjects and methods 

Human subjects 

Nine non-obese control subjects and seven obese subjects were 
studied. Their clinical data are given in Table 1. The control subjects 
had uncomplicated gallstone disease, but were otherwise healthy and 
were admitted for elective cholecystectomy. They had not been on any 
special diets to help control gallstone formation. The obese subjects 
were otherwise healthy and were admitted for gastric operations for 
obesity. All subjects had maintained constant body weight during the 
3 months preceding admittance, and none was on any specific treat- 
ment. All subjects were examined as in-patients but remained active at 
their usual exercise level. They were put on an isocaloric weight-main- 
taining diet (45% carbohydrate, 20% protein, and 35% fat) for 3 days. 
After an overnight fast, general anaesthesia was induced with a short- 
acting barbiturate and maintained by phentanyl and a nitrous oxide- 
oxygen mixture. The specimens of adipose tissue (about 10 g) were 
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Table 1. Clinical and metabolic characteristics of the study groups 
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Sex Age Height 
(F: M) (years) (cm) 

Body Fasting blood Fasting serum Fat ceil volume 
weight glucose level insulin level (ram 3 • 10 -6) 

(kg) (retool/l) (mU/1) Omental Subcutaneous 

Control subjects (n=9) 4:5 37_+4 173:t:3 69_+3 4.7_+0.2 5.4_+0.7 469_+61 660_+ 66 
Obese subjects (n = 7) 4: 3 36 +_ 5 171 _+ 4 130-+- 9 b 4.9 • 0.2 32.7 _+ 8.1 a 986 • 62 b t 124 • 151 a 

The values are expressed as mean • SEM. Significance between groups using Student's unpaired t-test: ~p < 0.01; b p <  0.001 

taken immediately after the abdominal wall had been opened. Subcu- 
taneous fat first was removed from the surgical incision in the epigas- 
tric region of the abdominal wall and omental fat was taken from the 
major omentum. The time period from the start of the first to the end 
of  the second biopsy was always less than 2 min. 

The study was approved by the Ethical Committee of the Karo- 
linska Institute. Each subject was given a detailed description of the 
study and informed consent was obtained. 

Fat cell determination and isolation of fat cells 

The fat cell size was measured in frozen-cut and formaldehyde-fixed 
adipose tissue, according to the method of Sj6strom et al. [t2]. In indi- 
vidual experiments, the diameters of 100 cells were determined with a 
calibrating photomicroscope (Zeiss, New York, USA). Mean fat cell 
volume, fat cell number and mean fat cell surface area were calculated 
by formulae described previously [13, 14]. Isolated fat cells were pre- 
pared using the method of Rodbell [15]. In brief, minced adipose tis- 
sue was shaken for 60 rain at 37 ~ in Krebs-Hensdeit bicarbonate 
buffer (pH 7.4), containing collagenase (0.5 mg/ml) and dialyzed bo- 
vine serum albumin (20 mg/ml). After the isolation procedure, the fat 
cells were washed three times with collagenase-free buffer. 

Preparation of adipose plasma membranes 

Plasma membranes were prepared at 0-4 ~ as described by Belsham 
et al. [t6]. A mixture of sucrose (2 tool/l), Tris-HC1 (80 retool/l) and 
EGTA (8 retool/l) was prepared and adjusted to pH 7.4 (buffer 1). 
Approximately 4 g of adipose tissue was homogenized for 10 s with a 
Polytron homogenizer, Brinkmann Instruments, Westbury, New 
York) in 10 ml of sucrose (0.25 tool/l), Tris-HC1 (10 retool/l), EGTA 
(2 retool/l), pH 7.4 (buffer 2). After centrifugation for 30 s at 1000 g, 
the interphase between the fat plug and the pellet was aspirated and 
centrifuged for 30 min at 30,000 g. The pellet was resuspended in 8 ml 
of Percoll: buffer I :  buffer 2 (7:1:32) and centrifuged for 15min at 
10,000g. One ml of the supernatant containing the plasma mem- 
branes was aspirated and diluted with buffer 2 (5 ml) and centrifuged 
for 2rain at 10,000 g. The pellet was suspended in 0.5ml of buffer 2 
and stored at - 70 ~ When isolated fat cells were used for the prepa- 
ration of plasma membranes, 2 ml of packed adipocytes were homog- 
enized in 10ml of buffer 2 and processed as described above. 

Insulin binding to isolated fat cells 

Isolated tat cells were incubated in triplicate at the final cell concen- 
tration of 8% (v/v) for 60 min at 24 ~ in Krebs-Henseleit bicarbonate 
buffer (pH 7.4), containing dialyzed bovine serum albumin (40 rag/ 
ml), glucose (1 mg/ml), mono125I-(Tyr A14) insulin (0.05 pmol/ml) and 
the indicated concentration of unlabelled insulin. In these studies, the 
final insulin concentrations ranged from 0.05 to 50pmol/ml. The 
binding reaction was terminated by adding NaC1 (0.154mmol/1, 
10 ml) and the cells were subjected to centrifugation through 1.2 ml of 
silicone oil [17]. Cell-bound radioactivity was determined in the cells 
suspended above the oil phase. Non-specific binding was approxi- 
mately 4% of the total binding as determined by the addition of unla- 
belled insulin (20 l.tmol/1). Specific insulin binding was based on the 
fat cell number or the fat cell surface area. Binding data were pre- 
sented both as a plot of the percentage of the specifically bound 1251- 
insulin versus the total insulin concentration (competition-inhibition 
curve) and according to Scatchard [18]. 

Affinity labelling of  intact fat cells with leSl-insutin 

Packed cells (1.5 ml) were suspended in Krebs-Henseleit bicarbonate 
buffer (pH 7.4, 7 ml) containing albumin (40 mg/ml), glucose (1 rag/ 
ml), 125I-insulin prepared by the chloramine-T method (0.5 pmol/ml) 
and unlabelled insulin (0 or 20 p~mol/1). The cells were incubated at 
21 ~ for 60 min. A solution of the cross-linking reagent, disuceinimi- 
dyl suberate (0.1 ml) was then added (0.5 mg/ml, final concentration) 
and the incubation was continued for another 15 min at 21 ~ [19]. The 
cross-linking reaction was terminated by the addition of 2 tool/1 Tris 
HC1 (pH 7.6, 0.1 ml) containing 0.2 tool/1 Na EDTA. After removal of 
the medium, the fat cells were washed twice in 15 ml of insulin-free in- 
cubation buffer and the plasma membranes were prepared as de- 
scribed above. 

Affinity labelling of adipocyte plasma membranes 
with 125 I-insulin 

Adipocyte membranes (30-100 ~tg protein) prepared from fat tissue 
were incubated at 21 ~ with 1~sI-insulin (0.5 nmol/1) in a Krebs Ring- 
er phosphate buffer (pH 7.4), containing bovine albumin (40 mg/ml) 
and bacitracin (1 mg/ml). Non-specific labelling was determined in a 
parallel experiment using 20 lxmol/1 unlabelled insulin. After a 2-h in- 
cubation, disuccinimidyl suberate (final concentration 1 mmol/1) was 
added [19] and the incubation continued for 10 rain. The reaction was 
terminated by the addition of the Tris, EDTA solution described 
above. The membranes were isolated by centrifugation and dissolved 
in the appropriate sodium dodecyl sulphate (SDS) solution for gel 
electrophoresis. 

SDS gel eleetrophoresis 

The affinity labelled membranes were solubilized and subjected to 
SDS electrophoresis by two different methods. Non-reduced affinity 
labelled receptors were solubilized in the absence of reductant and 
subjected to electrophoresis in a 3.3% SDS acrylamide gel as de- 
scribed by Weber et al. [20]. Following electrophoresis, the gels were 
fixed in 10% trichloroacetic acid (w/v), stained with Coomassie blue 
R-250, destained and dried. The dried gels were exposed to X-omatic 
film (S and W X-rays, Rochester, New York) using X-omatic intensi- 
fying screens (Eastman-Kodak, Rochester, New York). The film was 
previously sensitized by preflashing with a flash unit (Sunpak, Berkey 
Co., Woodside, New York). 

The subunit composition of the labelled receptors were deter- 
mined by solubilizing the membranes in an SDS buffer containing 13- 
mercaptoethanol (100mmol/1) as described by Laemmli [21]. The 
electrophoresis was conducted in a 5-12% acrylamide gradient gel 
[21]. Autoradiographs of the gels were prepared as described above. 

Chemicals 

Crystalline porcine insulin was supplied by Vitrum, Stockholm, Swe- 
den, and Eli Lilly, Indianapolis, Indiana. Cotlagenase was obtained 
from Worthington, Malverne, Pennsylvania, and Armour Pharma- 
ceuticals, Kanakee, Illinois supplied bovine serum albumin. Disuc- 
cinimidyl suberate was purchased from Pierce Chemical, Rock- 
ford, Illinois. Acrylamide, N, N' methylenebisacrylamide, and 
N,N,N',N'-tetramethylethylenediamine were supplied by Eastman 
Kodak, Rochester, New York. High molecular weight cross-linked 
standards (M r range of 336,000-56,000) were purchased from British 
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Fig. 1A and B, Insulin binding to adipocytes isolated 
from A obese and B non-obese subjects. 
Subcutaneous ( 0 - - - 0 )  and omental (O ..... O) fat 
cells were isolated from five obese and five 
non-obese control subjects matched for age and sex. 
Specific insulin binding is expressed per unit cell 
surface area (mean_+ SEM). Left panels are 
competition-inhibition curves; fight panels are the 
corresponding Scatchard plots. *p < 0.05 
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Fig.2A and B. Scatchard analysis of the insulin binding data of Fig- 
ure I expressed per cell. Data for A omental and B subcutaneous fat 
cells isolated from ( 0 - - - 0 )  non-obese and (�9 ..... �9 obese subjects 
are shown. The two curves in each panel are not statistically different 

Drug House Biochemicals, Dorset, Poole, UK. Bio-Rad, Richmond, 
California, supplied mid-range molecular weight standards (M~ range 
of 200,000-43,000). Mono 125I-Tyr A14-insulin (209 Ci/g) used in the 
insulin binding studies was purchased from Novo, Copenhagen, Den- 
mark. The 125I-insulin used in the affinity labelling procedures was 
prepared by the chtoramine-T method as described [22], using 125I-Na 
purchased from Amersham International, Amersham, Bucks, UK. 

Statistical analysis 

Reported values represent the mean +_ SEM. Student's paired and un- 
paired t-tests were used for statistical comparison of the data. 

Results 

All of  the subjects had normal fasting blood glucose lev- 
els at the time of the study (Table 1). However, the mean 
fasting serum insulin level was six times higher in the 
obese than in the control group (p<0.01), indicating 
that the obese subjects were insulin resistant. Table I al- 
so shows the increase in the volumes of both omental 
and subcutaneous fat cells from the obese individuals. 
In both groups subcutaneous cells were larger than the 
omental cells. 
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Fig.3. Structure of the non-reduced insulin receptor from isolated 
adipocytes and fat cell plasma membranes. Leftpanel: omentai (OM) 
and subcutaneous (SC) adipocytes were isolated by collagenase treat- 
ment and affinity labelled with 125I-insulin in the presence (+) or ab- 
sence ( - )  of native insulin. The labelled receptors were solubilized 
and subjected to SDS-PAGE and autoradiography. Right panel: adi- 
pocyte plasma membranes prepared from omental and subcutaneous 
fat pieces were affinity labelled with 125I-insulin and the structure of 
the receptor was examined as described above 

Fig.4. The structure of the non-reduced insulin receptor from obese 
(O) and normal weight (N) subjects. Fat cell membranes were isolated 
from pieces of omental (OM) and subcutaneous (SC) tissue. Autora- 
diograms of the dried gels were prepared after SDS electrophoresis of 
the affinity labelled receptors, The presence (+)  and absence ( - )  of 
excess native insulin (INS) during the labelling procedure is indicated 

Studies of insulin binding 

The results of insulin binding to isolated fat cells ex- 
pressed per cell surface area are illustrated in Figure I. 
For both groups specific insulin binding was signifi- 
cantly higher in subcutaneous than omental cells at low 
insulin concentrations (p < 0.05). At higher insulin con- 
centrations (>  10 pmol/ml), there was no difference in 
binding between the two types of fat cells. Based on 
Scatchard analysis of  the binding data, the difference in 
binding between omental and subcutaneous cells ap- 
parently was due to differences in overall affinity rather 
than differences in total binding sites. A difference in 
insulin binding between omental and subcutaneous fat 
cells was present also when binding was expressed per 
fat cell number, since subcutaneous cells are larger 
(Fig.2). 

Insulin binding to fat cells of obese and control sub- 
jects can also be reliably compared, since the two 
groups were matched for age and sex. The competition- 
inhibition curves show that specific insulin binding to 
subcutaneous fat cells is, on average, 40% lower in the 
obese than the control group (Fig. 1). The difference be- 
tween the two groups for omental ceils is approximately 
30%. The Scatchard plots demonstrate a parallel shift to 
the left for the obese group in relation to the control 

group for both omental and subcutaneous fat cells 
(Fig. 1). These data indicate that the decrease in insulin 
binding in the obese group was largely due to a decrease 
in total binding sites per unit of cell surface. When insu- 
lin binding was expressed per cell (Fig. 2), no significant 
difference between the adipocytes from obese subjects 
and controls was found in the high affinity portion of 
the Scatchard plots. In the lower affinity portion of the 
curve, e.g. > 5 nmol/1 insulin, there was a slight but not 
statistically significant decrease in the extent of  binding 
by subcutaneous cells from the obese group. 

Characteristics of the molecular weight 
of the adipocyte insulin receptor 

The molecular weight of the receptor was examined by 
cross-linking tzsI-insulin to the insulin binding sites 
with disuccinimidyl suberate, followed by SDS polyac- 
rylamide gel electrophoresis. This method was chosen 
because of its efficiency in covalently attaching radio- 
labelled insulin to the receptor [23]. 

Figure 3 (left panel) illustrates the non-reduced in- 
sulin receptor species found after cross-linking 125I-in- 
sulin to intact adipocytes isolated from subcutaneous 
and omental fat taken from the same subject. There are 
several specific insulin binding species ranging in mo- 
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Fig. 5. Autoradiogram of the subunit composition of the adipocyte 
insulin receptor from obese (O) and normal weight (N) subjects. Fat 
cell membranes were prepared from omentat (OM) and subcutaneous 
(SC) fat pieces. The receptors were affinity labelled in the absence 
( - )  or presence (+)  of native insulin (INS) and subjected to electro- 
phoresis after reduction with t00 retool/1/~-mercaptoethanol 

lecular weight from 427K to a small amount of 182K. 
The major species is a 285K component; smaller but 
prominent amounts of insulin binding species of 355K 
and 427K are also evident. The 182K is not clearly 
shown but is easily identified in the original autoradio- 
gram. 

Both omental and subcutaneous adipocytes con- 
tained these species and their relative amounts were 
similar in both tissues. Therefore, even though the insu- 
lin binding affinity was greater in subcutaneous cells, 
both cell types contained similar non-reduced insulin 
binding complexes that have similar or identical molec- 
ular weights. 

The insulin receptor is highly sensitive to protease 
activity [24]. Since the collagenase used in preparing the 
isolated adipocytes contains a number of different pro- 
teases, we also studied plasma membranes isolated 
from pieces of subcutaneous and omental fat. In these 
studies the plasma membranes were purified by a Per- 
coil gradient centrifugation technique, which previously 
was shown to separate a membrane fraction corre- 
sponding closely to the plasma membrane of isolated 
fat cells [16]. Figure 3 (right panel) shows the insulin 
binding species obtained from subcutaneous omental 
fat pieces. Clearly, there is a marked difference between 
these results and the findings obtained from isolated fat 
cells shown in the left panel. In the membranes isolated 
from the fat biopsies, a major 400K insulin binding spe- 
cies is present with minor components of 122K and 60K 
M~. Only the 400K species binds insulin in a highly spe- 

cific manner, since the presence of a large amount of na- 
tive insulin does not completely inhibit the labelling of 
the two minor bands with 12sI-insulin. Consequently, in 
membranes isolated in the absence of collagenase treat- 
ment, the major non-reduced insulin receptor has a mo- 
lecular weight in the 400K range. 

These results also show that the insulin binding sites 
in membranes from omental and subcutaneous tissue 
have similar molecular weights. Therefore, as indicated 
by two different receptor isolation procedures, the 
changes in insulin binding characteristics cannot be ex- 
plained by molecular weight differences in the non-re- 
duced receptor species, at least as examined by the 
cross-linking technique and sodium dodecyl sulphate 
electrophoresis. 

The Percoll method used to isolate plasma mem- 
branes for affinity labelling studies has an additional 
advantage. It is more efficient than the more laborious 
technique of first isolating the adipocytes, cross-linking 
radiolabelled insulin to the insulin receptor, and then 
membrane isolation. This consideration becomes im- 
portant in the studies of non-obese subjects with limited 
amounts of available fat. Primarily for this reason, the 
molecular weight comparisons of non-obese and obese 
adipocyte receptors were carried out using purified 
plasma membranes from fat biopsies. 

Figure 4 shows the results from two obese and two 
non-obese subjects. The membranes from both groups 
have a high molecular weight insulin binding species 
(429K - 390K) and small amounts of relatively non-spe- 
cific labelled material of 121K and 63K. There was no 
difference in the 125I-insulin labelling patterns between 
obese and non-obese individuals, either in subcutane- 
ous or omental fat. In these studies the amount of plas- 
ma membrane used for affinity labelling varied depend- 
ing on the recovery from the adipose tissue. It is not 
possible therefore to compare the actual content of the 
receptors in obese and normal tissue by examining the 
autoradiograms. 

The receptor subunit structure was examined in 
these subjects by subjecting the labelled receptors to 
100 mmol/1/3-mercaptoethanol (Fig. 5). A major 125K 
subunit is present in all receptor preparations along 
with a minor 85K component. Again no difference is 
evident between obese and non-obese or between sub- 
cutaneous and omental fat. Studies also were conduct- 
ed using 12sI-insulin cross-linked to isolated adipocytes 
from omental and subcutaneous fat (data not shown). 
In agreement with the results in Figure 5, the major sub- 
unit in both groups of cells had a molecular weight of 
125K. 

Discussion 

The basic alteration(s) responsible for the insulin resis- 
tance of target cells in obesity is unknown. Current 
speculation regarding the site of the alteration has fo- 
cussed on either a change in the insulin receptor content 
or a change in post-receptor (post-binding) events [2]. 
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There is evidence, summarized below, that supports 
both possibilities. 

Several studies have described an overall loss of in- 
sulin receptors in adipocytes taken from obese subjects 
[3-6]. This finding argues for the first possibility, i. e. the 
presence of a receptor alteration in obesity. Other work, 
however, has found only a change in the cell surface 
concentration of the adipocyte receptor without a 
change in total receptor content [7-9]. The results of the 
present study support these latter data, which question 
whether a receptor defect exists in the affected cells. 

We investigated both omental adipocytes as well as 
the usually studied subcutaneous fat cells. For both cell 
types, the insulin binding characteristics expressed per 
cell did not differ significantly in adipocytes isolated 
from the lean control subjects. The only change detect- 
ed in obesity was a decrease in the number of receptors 
per unit of cell surface area, i.e. a dilution in the con- 
centration of surface receptors in the absence of a 
change in total receptor content. 

Clearly, if the total receptor content of the adipo- 
cytes is less than normal, a strong argument can be 
made for an alteration at the level of the receptor. In 
contrast, a simple dilution of the insulin receptor over 
the cell surface is more difficult to evaluate in terms of 
its role in insulin resistance. The adipocytes enlarge 
during the development of the obese condition and this 
factor alone can account for a change in the cell surface 
concentration of the receptor. Since very little informa- 
tion is available regarding the coupling of the insulin re- 
ceptor to the cellular effector systems, it is not possible 
to argue with any confidence that this dilution effect 
gives rise to defective receptor function. 

The insulin-mediated responses of adipocytes from 
overweight subjects have been measured in attempts at 
characterizing the changes present in obesity. Alter- 
ations in the maximum responses to insulin have been 
reported for glucose metabolism [9] and glucose trans- 
port [8, 25]. Also a change (e. g. right-ward shift) in the 
insulin-dose response curve has been described for 
these processes [8, 25]. The change in the maximum re- 
sponse is compatible with a post-binding alteration [2]. 
The right-ward shift in the dose-response curve is more 
difficult to interpret since it may involve the ill-defined 
processes that link the receptor to the effector systems. 
Whether dilution of the receptors over the cell surface 
contributes to any uncoupling between these structures 
and the effector systems is impossible to judge at this 
time. 

Although changes in insulin action occurs in glu- 
cose metabolism, another system, antilipolysis, retains 
its normal response to insulin in adipocytes from obese 
subjects [26]. This finding, plus the other evidence for 
post-receptor alterations in glucose metabolism and 
transport outlined above, suggest that the major 
change(s) in affected cells occur, at selected sites be- 
yond the receptor. 

Since insulin binding studies examine only one 
aspect of the insulin receptor, we also undertook an in- 
vestigation of the molecular weight of the receptor, us- 

ing an affinity labelling procedure [19]. Although this 
method has a labelling efficiency of only 20% for the 
non-reduced receptor [23], it is the most efficient meth- 
od available to examine the molecular weights of the 
non-reduced receptor and its insulin binding subunit. 
Again, in agreement with the similarities in their respec- 
tive insulin binding properties and with the concept of a 
post-binding alteration, no change in the molecular 
weight of the receptor was detected in obesity. Thus, di- 
lution of cell surface receptors remains the only change 
detected in omental and subcutaneous adipocytes from 
obese subjects. However, it cannot be excluded that a 
subpopulation of receptors exists which is not affinity 
labelled and which may differ in obesity. 

The present study also provided the opportunity to 
examine the interesting difference noted previously be- 
tween the receptor affinities of omental and subcutane- 
ous adipocytes from lean individuals [11]. The molecu- 
lar weight studies showed that membranes from both 
tissues contained one major non-reduced insulin bind- 
ing species of 390-425K Mr. Sulphydryl reduction gen- 
erated a major insulin binding subunit of 125K and a 
minor 85K component from both types of tissues. 

It was interesting that affinity labelling the isolated 
fat cells rather than the purified plasma membrane frac- 
tion from fat pieces produced different non-reduced re- 
ceptor species. With isolated cells, a major species of Mr 
285K was evident with a prominent amount of a 355K 
component and small amounts of 427K and 182K spe- 
cies. Although tiffs difference between isolated fat cells 
and plasma membranes is striking, the results with the 
cells are quite similar to those reported for isolated rat 
adipocytes [27] and to the recent findings of Berhanu et 
al. [28], who examined the receptors of isolated human 
adipocytes. 

It is possible that the difference observed between 
the fat cell membranes and isolated adipocytes is 
caused by the collagenase treatment used in the cell iso- 
lation procedure. The collagenase preparation contains 
several different proteases, any one of which could act 
on the insulin receptor since it is highly sensitive to pro- 
tease activity [24]. A second possibility is that the mem- 
brane preparation contains a large number of insulin re- 
ceptors of 400K Mr derived from other cell types, i.e. 
from cells other than adipocytes. The various propor- 
tions between other cells and adipocytes in human fat 
biopsies are not known, but in rat fat the adipocytes 
represent 35% of the total cell number [29]. However, 
because of the much greater size of the adipocytes, the 
amount of fat cell plasma membrane probably accounts 
for the majority of the plasma membrane content of ad- 
ipose tissue. Since we chose a method specifically de- 
signed to isolate adipocyte plasma membranes from fat 
pieces as well as from isolated adipocytes [16], the plas- 
ma membrane fraction used in the present studies is 
probably more representative of the adipocyte than of 
the stromal cells. Moreover, stromal ceils, such as fibro- 
blasts [30], have fewer insulin receptors than adipocytes. 
Based on these considerations, it seems unlikely that the 
400K species is derived from a stromal cell type. 
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A third and more intriguing possibility to explain 
the difference found between affinity labelled mem- 
branes and isolated adipocytes is that the binding of in- 
sulin to the surface of the intact cells causes the genera- 
tion of some of these species. In support of this 
possibility Berhanu et al. [28] found a time-dependent 
production of different molecular weight species after 
photoaffinity labelling of the adipocyte cell surface re- 
ceptor. Thus, covalent attachment of insulin to the re- 
ceptor may cause the adipocyte to "process" this com- 
plex and alter its molecular weight. 

Regardless of the causes of the different molecular 
weight species, omental and subcutaneous adipocytes 
isolated by collagenase treatment have the same species 
in the same relative proportions. Therefore, the cause of 
the difference in binding affinity between these two cell 
types probably arises from another reason, like differ- 
ences in membrane lipid composition [3t] or in mem- 
brane modulators of affinity [32]. 

In summary, obesity does not change the molecular 
weight of the adipocyte insulin receptor, its insulin 
binding properties, or its content in the enlarged adipo- 
cyte. These findings suggest that the major alteration re- 
sponsible for the insulin resistance of adipocytes from 
obese subjects involves post-receptor sites. 
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