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F1G. 3. Autoradiogram showing the specificity of 12I-IGF-I-receptor
complexes crosslinked to chicken embryo fibroblasts and examined
under reducing conditions. Fibroblasts were incubated with 12°I-IGF-
I in the absence (lane A) and in the presence of unlabeled IGF-I at 10
and 500 ng/ml (lanes B and C), unlabeled insulin at 10, 100, and 1000
ng/ml (lanes D, E, and F) and unlabeled MSA at 10, 100, and 1000 ng/
ml (lanes G, H, and I).

MSA to the M, 131,000 and 257,000 bands is consistent with
the results of competitive binding studies (18).

15[ Insulin was specifically crosslinked to a predominant
band of M, 126,000 + 1200 and a minor band of M, 252,000
*+ 6900 (mean = SD; n = 3). Unlabeled insulin decreased and
finally abolished the radioactivity associated with these two
bands in a dose-dependent manner (10-ng/ml to 1 ug/ml) (Fig.
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Fic. 4. Autoradiogram showing the specificity of *5I-MSA-receptor
complexes crosslinked ta chicken embryo fibroblasts and examined
under reducing conditions. Fibroblasts were incubated with *2°1-MSA
in the absence (lane A) and in the presence of unlabeled MSA at 10,
30, 100, 300, and 1000 ng/ml (lanes B, C, D, E, and F) or insulin at 30,
100, 300, and 1000 ng/ml (lanes G, H, I, and J). In addition to the M,
257,000 and 131,000 bands (arrows), radioactivity also was present in
a band corresponding to M, 300,000. Formation of this latter band was
not inhibited by. unlabeled MSA or insulin, suggesting that it repre-
sents nonspecific binding.

Proc. Natl. Acad. Sci. USA 79 (1982)
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Fic. 5. Autoradiogram showing the specificity of *I-insulin—
receptor complexes crosslinked to chicken embryo fibroblasts and ex-
amined under reducing conditions. Fibroblasts were incubated with
125L.insulin in the absence (lane A) and in the presence of unlabeled
insulin at 10, 100, 1000, and 10,000 ng/ml (lanes B, C, D, and E) or
unlabeled MSA at 10, 100, and 1000 ng/ml (lanes F, G, and H).

5). Unlabeled MSA was less potent than insulin in decreasing
the labeling of these bands. The radioactivity in the M, 126,000
band was decreased to similar extents by insulin at 10 ng/ml
and MSA at 100 ng/ml and by insulin at 100 ng/ml and MSA
at 1 pug/ml, suggesting an approximate 10-fold difference in
potency. Similar specificity of the chicken embryo fibroblast
insulin receptor has been observed in competitive binding stud-
ies (18).

To determine whether the M, =260,000 IGF receptor pro-
tein existed before exposure to chemical crosslinking agents,
125]_MSA was crosslinked to its receptor with different concen-
trations of disuccinimidyl suberate. When the concentration of
crosslinking reagent was increased from 0.01 to 0.5 mM, the
ratio of radioactivity in the M, 257,000 band compared to that
in the M, 131,000 band increased (Fig. 6 Lower). The radio-
activity associated with both labeled bands was quantitated in
slices of the gel (Fig. 6 Upper). The ratio of radioactivity in the
M, 257,000 and 131,000 bands increased from 0.24 to 1.15, ap-
proximately 5-fold, with increasing concentration of crosslink-
ing reagent. This suggests that the M, 257,000 complex may
arise, at least in part, by crosslinking of the M, 131,000 protein
to itself or other membrane proteins.

DISCUSSION

The IGFs are a group of polypeptide hormones chemically re-
lated to insulin and thought to have arisen from an ancestral
insulin gene (1, 2). Insulin and the IGFs have the same spec-
trum of biological activities in vitro, although the relative po-
tencies of the two peptides vary for different functions (7). IGFs
crossreact with insulin receptors; insulin crossreacts with some,
but not all, IGF receptors (6, 10).

A coherent picture of the structure of the insulin receptor has
emerged from recent studies using photoaffinity labeling (21,
22), affinity crosslinking (23, 24), biosynthetic labeling (25), and
receptor purification (26). Specifically, the receptor appears to
consist of subunits of M, 130,000 and subunits of M, 95,000

- linked by disulfide bonds (22, 25, 27). The M, 130,000 subunit

is preferentially labeled by affinity labeling and appears to be
the subunit that binds insulin; the M, 95,000 nonbinding sub-
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Fic. 6. (Upper) Effect of the concentration (shown as mM) of cross-
linking reagent (disuccinimidyl suberate) on the formation of *°I-
MSA-receptor complexes in chicken embryo fibroblasts, and exam-
ined under reducing conditions. (Lower) Ratio of radioactivities, M,
257,000/M, 131,000, in slices of the gel shown in Upper.

unit is only weakly labeled after crosslinking with disuccinimi-
dyl suberate (24, 27) but is strongly labeled when the insulin
receptor of IM-9 cultured lymphocytes is biosynthetically la-
beled with [33S]methionine and immunoprecipitated by anti-
bodies to insulin receptors (25). Minor species of M, =~45,000
have been described that appear to result from partial prote-
olysis (28).

By contrast, when examined after covalent crosslinking with
disuccinimidyl suberate, IGF receptors exhibit two different
subunit structures (14). Type I IGF receptors do not interact
with insulin and are composed of a M, =260,000 protein that
is not linked by disulfide bonds to other membrane proteins.
This type of receptor has been identified with 2°I-MSA in rat
liver membranes (14, 29), the BRL 3A2 rat liver cell line (14),
rat adipocytes (29), rat embryo fibroblasts™¥, and chondrocytes

1 Kasuga, M., Van Obberghen, E., Nissley, S. P. & Rechler, M. M.
(1981) Program of the 63rd Annual Meeting of the Endocrine Society,
Cincinnati, OH, June 17-19, 1981, Abstr. 617, p. 237.
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from a rat chondrosarcoma®®. The second IGF receptor struc-
ture, type II, initially demonstrated with '>I-IGF-I in the BRL
3A2 rat liver cell line (14), consists predominantly of a M,
=~130,000 protein that interacts with insulin and is linked by
disulfide bonds to other membrane proteins to form high mo-
lecular weight (M, >300,000) complexes under nonreducing
conditions. IGF recezgtors with this structure have also been
demonstrated with '*I-IGF-I in human placental membranes
(30, 31, t1) and cultured human fibroblastst*.

The present study demonstrates that '*I-IGF-I and '*I-
MSA are crosslinked to type II receptors in chicken embryo
fibroblasts. When *I-MSA and '®I-IGF-I were crosslinked to
chicken embryo fibroblasts, radioactivity appeared in one major
and one minor high molecular weight complex (M, >300,000).
After disulfide reduction, the radioactivities of 1*’I-MSA~ and
125_IGF-I-receptor complexes appeared predominantly at M,
=~130,000. Formation of these complexes was inhibited by un-
labeled IGF-I, MSA, and insulin, in that order of potency.
These results suggest that the structure of the receptor for %I
MSA is identical to that for ***I-IGF-I and that the receptor for
both ligands may be the same protein. A similar conclusion was
reached from competitive binding studies; the specificity of in-
hibition of binding of '*I-MSA and #I-IGF-I to chicken em-
bryo fibroblasts was identical (12).

Under reducing conditions, radioactivity of °I-IGF-I and
125_MSA crosslinked to chicken embryo fibroblasts also ap-
peared in a minor complex of M, =260,000. With increasing
concentration of crosslinking agent, the proportion of radioac-
tivity in the M, =260,000 region relative to that in the M,
=130,000 region increased approximately 5-fold. This suggests
that the M, =260,000 complex arises at least in part by cross-
linking of the M, =130,000 protein to other proteins, most prob-
ably an adjacent M, 130,000 subunit. Although it cannot be ex-
cluded that a separate M, =260,000 receptor exists, as in the
type I IGF receptors, we consider this less likely for two rea-
sons: (i) formation of the type I IGF receptor is not inhibited
by insulin, whereas the M, =260,000 complex observed in
chicken embryo fibroblasts shows the same inhibition by insulin
as the M, =130,000 complex, and (ii) the M, =260,000 band in
type I IGF receptors has an apparent M, of 220,000 before re-
duction, presumably the result of disulfide bonds maintaining
a more compact structure, and does not aggregate to larger
forms. We have not detected a M, =220,000 band in chicken
embryo fibroblasts in the absence of reduction under our ex-
perimental conditions. However, we cannot exclude the pos-
sibility that some of the radioactivity in the region of M,
=260,000 in reducing conditions represents radioactivity cross-
linked to a type I IGF receptor.

Although previous results (14, 30, 31, TT) identified type I
IGF receptors (insulin-insensitive) by using 2’I-MSA and type
II IGF receptors (insulin-sensitive) by using '*’I-IGF-I, the
Fresent results indicate that, in chicken embryo fibroblasts,
5]-MSA binds Preferentially to a type II IGF receptor. Thus,
the reactivity of ’I-MSA is not limited to type I IGF receptors,
although this radioligand may bind preferentially to type I re-
ceptors when both types of IGF receptors are present in the
same tissue.

The chicken embryo fibroblast insulin receptor is similar in
size to the IGF receptor under both reducing and nonreducing
conditions. The slightly smaller size of the insulin-receptor
complex results, at least in part, from differences in the size of
the bound radioligand: ®I-insulin A chain, M, = 2200; '*I-
IGF-1, M, =7500; '*I-MSA, M, = 8700). Insulin-receptor and
IGF-receptor complexes may be differentiated by the speci-
ficity of inhibition by insulin, MSA, and IGF-I. IGF-I most
potently inhibits formation of the 1*I-IGF-I-receptor complex;
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insulin most potently inhibits formation of the ZI-insulin-
receptor complex. The possibility that the ®I-insulin and '#I-
IGF-I binding sites coexist on the same M, 130,000 protein can-
not be excluded. Although we have not identified M, 95,000
components for the chicken embryo fibroblast IGF receptor,
by analogy with the proposed structure of the insulin receptor
(32) and from the presence of higher molecular weight forms
under nonreducing conditions, an IGF receptor structure con-
sisting of M, 130,000 and M, 95,000 proteins is consistent with
our results. The presence of M, 95,000 subunits has been in-
ferred for the type II IGF receptor in human placental mem-
branes (31).

In contrast to other tissues, which appear to possess both
types of IGF receptor structures, the chicken embryo fibroblast
appears to possess a single type of IGF receptor that interacts
with all *I-labeled IGF peptides. Because these peptides exert
mitogenic effects with the same relative potencies and at similar
concentrations as for their effects in binding experiments, we
believe that the IGF receptor whose subunit structure has been
described in this paper is a functional receptor that mediates
the mitogenic effects of the IGF's in chicken embryo fibroblasts.

We thank Dr. K. M. Yamada for his critical reading of this manu-
script. M.K. is the recipient of Fogarty International Fellowship FO5
TWO 2818, on leave from the Third Department of Internal Medicine,
University of Tokyo.
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