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ABSTRACT Previously, we have described a novel
qualitative defect in insulin receptors from a patient
with a genetic form of extreme insulin resistance (lep-
rechaunism). Receptors from this insulin-resistant child
are characterized by two abnormalities: (a) an abnor-
mally high binding affinity for insulin, and (b) a mark-
edly reduced sensitivity of '**I-insulin binding to al-
terations in pH and temperature. In this paper, we
have investigated the kinetic mechanism of this ab-
normality in steady-state binding. The increased bind-
ing affinity for '®I-insulin results from a decrease in
the dissociation rate of the hormone-receptor complex.
In addition, the cooperative interactions among insulin
binding sites are defective with insulin receptors from
this child with leprechaunism. With insulin receptors
on cultured lymphocytes from normal subjects, both
negative and positive cooperativity may be observed.
Porcine insulin accelerates the dissociation of the hor-
mone-receptor complex (negative cooperativity). In
contrast, certain insulin analogs such as des-
octapeptide-insulin and desalanine-desasparagine-in-
sulin retard the dissociation of the hormone-receptor
complex (positive cooperativity). With insulin recep-
tors from the leprechaun child, positive cooperativity
could not be demonstrated, although negative coop-
erativity appeared to be normal. It seems likely that
the same genetic defect may be responsible for the
abnormalities in both insulin sensitivity and positive
cooperativity.

INTRODUCTION

Inherited diseases often provide insights into normal
biochemistry and physiology (1). Therefore, genetic
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syndromes of extreme insulin resistance have the po-
tential to give insight into the mechanisms of insulin
action. Using cultured lymphocytes, we have charac-
terized insulin receptors from many patients with se-
vere insulin resistance (2, 3). One such patient with
the syndrome of leprechaunism (i.e., leprechaun/Ark-
1) had a unique qualitative abnormality of her insulin
receptors: a markedly diminished sensitivity to alter-
ations in pH and temperature (2). Moreover, the Scat-
chard plot for insulin binding to this patient’s cells had
an abnormal shape, suggesting that the receptor from
this patient had an abnormally high affinity for insulin
(2). According to one model of the insulin receptor,
the curvilinear shape of the Scatchard plot results from
cooperative interactions among insulin binding sites
(4, 5). Consequently, we hypothesized that the coop-
erative interactions among insulin receptors might be
abnormal in cells from leprechaun/Ark-1.

In the case of hormones that activate adenylate cy-
clase, the regulation of the receptor’s binding affinity
is intimately associated with the mechanism of hor-
mone action (6-8). Similarly, with cells from this pa-
tient with a genetic defect causing extreme insulin
resistance, we have observed a defect in the regulation
of the receptor’s affinity for insulin. This defect in
regulation of receptor affinity is manifested as an ab-
normality in the cooperative interactions among in-
sulin binding sites. It seems likely that the same genetic
lesion gives rise to the defects in both insulin sensitivity
and cooperative binding interactions.

METHODS

Patients. Leprechaun/Ark-1 is a young girl with extreme
insulin resistance originally described by Elders and her co-
workers (9, 10). The other subjects were normal volunteers,
with the exception of two patients with extreme insulin re-
sistance: in one case, a patient with autoantibodies directed
against the insulin receptor; in the other, a patient with li-
poatrophic diabetes. All studies were approved by the In-
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Ficure 1 Effects of porcine insulin upon the dissociation of '**I-insulin (15°C). The dissociation
of '®*1-insulin from cultured lymphocytes was studied as outlined in Methods. The concentration
of porcine insulin present during the dissociation phase of the experiment was varied: no added
insulin (@), 20 ng/ml (M), 500 ng/ml (a), 5,000 ng/ml (O), 50,000 ng/ml (A), and 500,000 ng/
ml (O). Data on control subjects (panels A and C) are means of five separate experiments carried
out with cells obtained from two normal subjects. Data on cells from leprechaun/Ark-1 (panels
B and D) are means of five separate experiments carried out on the same days as the studies
with normal subjects. Under the conditions of the experiments, the '*I-insulin that dissociates
is not significantly degraded (<5%), as judged by precipitability with trichloroacetic acid.

stitutional Review Board of the National Institute of Ar-
thritis, Metabolism, and Digestive Disease. Informed consent
was obtained from all subjects.

Cultured lymphocytes. Peripheral blood lymphocytes
were transformed with Epstein-Barr virus as described else-
where (2, 3). Cells were grown in RPMI 1640 medium sup-
plemented with 10% fetal bovine serum (Flow Laboratories,
Inc., Rockville, MD).

Materials. Porcine insulin was purchased from Elanco

Defect in Insulin Receptor Cooperativity in Leprechaunism

Products Co., Indianapolis, IN. Porcine DOP-insulin' was
provided by the National Institute of Arthritis, Metabolism,

! Abbreviations used in this paper: DAA-insulin, desala-
nine-desasparagine insulin (i.e., insulin lacking the C-ter-
minal amino acids of both the A- and B-chains); DOP-insulin,
desoctapeptide insulin (i.e., insulin lacking the C-terminal
octapeptide on the B-chain).
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and Digestive Disease. Guinea pig insulin and turkey DAA-
insulin were the generous gifts of Drs. Cecil Yip and Pierre
De Meyts, respectively. Antiserum directed against the re-
ceptor for insulin was obtained from patient B-2, a patient
with extreme insulin resistance as a result of anti-receptor
antibodies (11).

1%L insulin binding studies. '*I-insulin binding studies
were carried out as described elsewhere (2, 3) in a medium
containing 120 mM NaCl, 2.5 mM KCl, 15 mM sodium ac-
etate, 10 mM glucose, 1 mM EDTA, 1.2 mM MgSO,, 50 mM
Hepes (pH 7.8) plus 10 mg/ml bovine serum albumin. Cul-
tured lymphocytes (107 cells/ml) were incubated for 3 h at
15°C in the presence of *I-insulin (100-150 Ci/g, 0.1 ng/
ml) and varying amounts of unlabeled insulin derivatives.
At the end of the incubation period, aliquots (0.2 ml) of cell
suspensions were layered over ice-cold assay buffer (0.175
ml) in microcentrifugation tubes. The cells were separated
from the medium by centrifugation for 45 s in a Beckman
Microfuge (~10,000 g) and the supernatant medium was
aspirated and discarded (Beckman Instruments, Inc., Ful-
lerton, CA). The tips of the tubes, containing the cell pellet,
were excised and placed in 12 X 75-mm glass test tubes for
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FIGURE 2 Dose-response curves for effects of porcine insulin
upon the dissociation of '**I-insulin (15°C). The data from
Fig. 1 were analyzed as follows. The initial rates of disso-
ciation of '*I-insulin (observed during the first 5 min of
dissociation) are plotted as a function of the concentration
of unlabeled insulin. Data are presented as means+=SEM of
five experiments with cells from control subjects (®) or lep-
rechaun/Ark-1 (O). The differences in dissociation rates
were statistically significant at all concentrations of insulin,
with the exception of 500 ng/ml. Values of P, calculated
using a two-tailed ¢ test for paired observations, were as
follows: P < 0.001 (no added insulin), P < 0.04 (20 ng/ml),
P = 0.23 (500 ng/ml), P < 0.005 (5,000 ng/ml), P < 0.01
(50,000 ng/ml), and P < 0.0005 (500,000 ng/ml). Paired ¢
tests are significant because the differences were highly re-
producible within each experiment. The overlap of the error
bars at some concentrations derives from the fact that the
interexperiment variability in dissociation rates was greater
than the intraexperiment variability. Although the data pre-
sented in Fig. 2 derive only from the 5-min time points of
Fig. 1, qualitatively similar results may be obtained with
later time points.
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determination of cell-associated radioactivity. Nonspecific
binding was defined as '**I-insulin binding in the presence
of excess porcine insulin (50,000 ng/ml). Specific binding
was calculated by subtraction of nonspecific binding from
total binding.

In these experiments, the range of specific binding of !**I-
insulin (mean+SD) averaged 37+15% (normal subjects) and
23+6% (leprechaun/Ark-1) of the added !%I-insulin (0.1 ng/
ml) per 107 cells/ml. Nonspecific binding was 1.1+0.3% in
both types of cells.

1251 insulin dissociation kinetics. Cultured lymphocytes
(107 cells/ml) were suspended in incubation medium (10 ml)
containing '#I-insulin (0.1 ng/ml). After incubation at 15°C
for 3 h, the cells were cooled by addition of 35 ml of ice-
cold medium. Cells were separated from the medium by
centrifugation (250 g, 10 min, 4°C) and were immediately
resuspended in 10 ml of fresh medium at 4°C. Plastic test
tubes (12 X 75 mm, Falcon Labware, Div. of Becton, Dick-
inson & Co., Oxnard, CA) containing medium (4.8 ml) were
preequilibrated at 15°C. Insulin or insulin analogs had been
added to the incubation medium as indicated. The dissocia-
tion of '**I-insulin was initiated by diluting aliquots (0.2 ml)
of the resuspended cells into the tubes containing incubation
medium (4.8 ml) at 15°C. In the experiments described in
Figs. 3 and 4, the incubation temperature during the dis-
sociation phase was 37°C; the temperature during associa-
tion remained 15°C. To monitor the rate of dissociation,
duplicate tubes were removed at 0, 5, 10, and 20 min and
the cells were separated from the medium by centrifugation
(1,000 g, 5 min, 4°C). After the supernatant medium was
aspirated, the tubes were placed directly into a Searle au-
tomatic gamma system (model 1285; Searle Radiographics
Inc., Des Plaines, IL) for determination of the cell-associated
125]_insulin.

RESULTS

Effects of porcine insulin upon dissociation
of ®I-insulin

Studies with receptors from control subjects. As
shown previously with normal insulin receptors (4),

TABLE 1
Potencies of Insulin Analogs in Inhibiting '**I-Insulin Binding
to Cultured Lymphocytes from Normal Subjects and
Leprechaun/Ark-1

lao
Insulin analog Controls Lep/Ark-1 Iso Ratio®
ng/ml
Porcine (7) 4.0+0.4 1.3+0.2 3.1
Turkey DAA (2) 225+75 38+12 59
Guinea pig (6) 270+80 115+15 24
Porcine DOP (2) 1250+250 250+0 5.0

The data summarized in Fig. 3 were analyzed to estimate the
concentration (Is) of insulin analog which displaced 50% of '*I-
insulin binding. Values of Is, are presented as meanstSEM of n
experiments. (The value of n is given in parentheses after the name
of the insulin analog.)
° Control: Lep/Ark-1.



the effects of porcine insulin upon the dissociation of
125]_insulin at 15°C are complex (Figs. 1, 2):

Phase 1: Addition of moderate concentrations of in-
sulin (<500 ng/ml) causes a progressive acceleration
of dissociation of !*I-insulin (Figs. 1A, 2).

Phase 2: Higher concentrations of unlabeled insulin
(5,000-50,000 ng/ml) begin to inhibit the acceleration
of the dissociation of !*I-insulin (Figs. 1C, 2).

Phase 3: The highest concentrations of porcine in-
sulin (500,000 ng/ml) retard the dissociation of '*°I-
insulin (Figs. 1C, 2).

Studies with receptors from leprechaun/Ark-1.
With cells from leprechaun/Ark-1, we observed sev-
eral differences in the dissociation kinetics (Figs. 1B,
1D, 2) at 15°C:

(a) The spontaneous rate of dissociation of '*°I-in-
sulin was markedly retarded as compared to the dis-
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FicURE 3 Effects of porcine insulin upon the dissociation
of '®I-insulin (37°C). These studies were identical to those
described in the legend to Fig. 1, with the exception that
the dissociation was carried out at 37°C. The symbols are
the same as outlined in Fig. 1. Data are means of two separate
experiments.
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sociation rate with cells from control subjects (Figs. 1,
2). This slower dissociation rate (approximately one-
third as fast as with normal subjects) may account for
the threefold increase in apparent binding affinity of
insulin receptors from cells of leprechaun/Ark-1 (Ta-
ble I and ref. 2).

(b) Maximal acceleration of '**I-insulin dissociation
required a higher concentration (5,000 vs. 500 ng/ml)
of unlabeled porcine insulin (Figs. 1B, 1D, 2).

(c) Phase 2 was abnormal in that the inhibition of
the acceleration of dissociation required tenfold higher
concentrations of unlabeled insulin (50,000 vs. 5,000
ng/ml).

(d) The most striking abnormality was the failure
to observe phase 3 (i.e., retardation of dissociation) in
cells from leprechaun/Ark-1 (Fig. 1D).

Because the temperature sensitivity of the insulin
receptor of leprechaun/Ark-1 is abnormal, we also
studied the dissociation kinetics at physiological tem-
perature (i.e., 37°C). Qualitatively similar results were
observed (Figs. 3, 4). However, dissociation proceeds
more rapidly at 37°C under all conditions. Neverthe-
less, the dissociation kinetics observed with insulin re-
ceptors from leprechaun/Ark-1 are strikingly abnor-
mal at 37°C. In fact, the differences in the physiolog-
ical range of insulin concentrations are more obvious
at 37°C than at 15°C.
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FiGure 4 Dose-response curves for effects of porcine in-
sulins upon the dissociation of !%°I-insulin (37°C). The data
of Fig. 3 were analyzed as described in the legend to Fig.
2. The differences in dissociation rate were statistically sig-
nificant at all concentrations of insulin with the exception
of 500 and 5,000 ng/ml. Values of P, calculated using a one-
tailed ¢ test for paired observations were as follows: P < 0.02
(no added insulin), P < 0.01 (20 ng/ml), P = 0.18 (500 ng/
ml), P = 0.5 (5,000 ng/ml), P < 0.04 (50,000 ng/ml), P
< 0.04 (500,000 ng/ml).
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The effect of insulin to accelerate dissociation of '2°I-
insulin is very rapid—with onset in less than 5 min.
If one proposes that this acceleration results from an
increase in receptor occupancy (4, 5), it is important
to document that the increase in receptor occupancy
also has rapid onset. When insulin (20 ng/ml) is in-
cluded in the medium during the dissociation of %I-
insulin, receptor occupancy increases by 200-400%
within 5 min (Fig. 5). Thus, it is clear that the time-

course of the increase in receptor occupancy is suffi-
ciently rapid so that it might be a cause of the accel-
erated rate of dissociation of #’I-insulin (Figs. 1-4).
Retardation of the dissociation of *I-insulin by
DOP- and DAA-insulins. We chose to investigate
further the possibility that there is a defect in phase
3 (i.e., the retardation of '*’I-insulin dissociation by
very high concentrations of porcine insulin). For this
purpose, to simplify the interpretation of experiments,
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FIGURE 5 Receptor occupancy during dissociation experiments. Panels A and D: Cultured
lymphocytes (12 X 106 cells/ml) from either a normal subject (panels A-C) or leprechaun/Ark-
1 (panels D-F) were incubated with '**I-insulin (0.1 ng/ml; 150 Ci/g) for 3 h at 15°C. After
addition of 20 ml of ice-cold buffer, the cells were sedimented by centrifugation at 4°C. The
cells were resuspended in the original volume of ice-cold buffer. Thereafter, aliquots (0.8 ml)
of resuspended cells were added to tubes containing buffer (0.2 ml) in the presence or absence
of unlabeled insulin (20 ng). The cells were incubated at 15°C and duplicate aliquots (0.2 ml)
were taken after 5 and 10 min for determination of cell-associated '2°I-insulin. The dissociation
of '**I-insulin (cpm per 2 X 10° cells) in the presence (B) or absence (®) of unlabeled insulin
(20 ng/ml) is plotted as a function of time. Panels B and E: Cultured lymphocytes were
preincubated exactly as above, with the exception that unlabeled insulin (0.1 ng/ml) was
substituted for '?*I-insulin. In the second incubation, the unlabeled insulin concentration was
either 20 ng/ml (O) or 50,000 ng/ml (A). In addition, '*I-insulin (788,000 cpm) was added
to each of the tubes during the second incubation. Panels C and F: These panels integrate the
observations in panels A-B and D-E, respectively. The rate of dissociation of pre-bound '*°I-
insulin (panels A and D) in the presence of unlabeled insulin (20 ng/ml) is 2glotted in pg-'%1-

insulin per 2 X 10° cells (W). The rate of association of specifically bound !

I-insulin (20 l;g/

ml) is plotted in pg of insulin per 2 X 10° cells (O). (To calculate the specifically bound !
insulin, cpm bound in the presence of 50,000 ng/ml insulin was subtracted from cpm bound
in the presence of 20 ng/ml insulin [panels B and E].) Total occupancy of insulin receptors
(@) was calculated by adding the dissociation (B) and association (O) curves.
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we used insulin analogs that do not accelerate the dis-
sociation of ®I-insulin (4, 12-13). Two such analogs,
porcine DOP- and turkey DAA-insulins, actually re-
tard the rate of dissociation of !*I-insulin from cells
derived from normal subjects (Figs. 6A, 6C). Thus,
these analogs retard the dissociation of '#I-insulin
without duplicating the effect of monomeric insulin
to accelerate dissociation. Interestingly, porcine DOP-
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FIGURE 6 Effects of porcine DOP- and turkey DAA-insulins
upon the dissociation of '**I-insulin. The dissociation of '#I-
insulin from cultured lymphocytes was studied as outlined
in Methods. The concentration of porcine DOP-insulin (pan-
els A and B) and turkey DAA-insulin (panels C and D) pres-
ent during the dissociation phase of the experiment was as
follows: no added insulin (®); porcine DOP-insulin, 2 ug/ml
(A); porcine DOP-insulin 50 ug/ml (O); turkey DAA-insulin,
2 pg/ml (O). Data with porcine DOP-insulin are means of
two separate experiments; data with turkey DAA-insulin are
results of duplicate determinations in a single experiment.
Studies using cells from control subjects (panels A and C)
were carried out simultaneously with studies using cells from
leprechaun/Ark-1 (panels B and D). Effects of porcine DOP-
insulin and turkey DAA-insulin to retard dissociation were
significant (P < 0.05 for both analogs at 2 ug/ml; P < 0.01
for 50 ug/ml) in the cells from control subjects. However,
neither analog had a significant effect upon the dissociation
rate with cells from leprechaun/Ark-1.

Defect in Insulin Receptor Cooperativity in Leprechaunism

and turkey DAA-insulins do not affect the rate of dis-
sociation of %I-insulin from cells of leprechaun/Ark-
1 (Figs. 6B, 6D). This is compatible with the possibility
that receptors from leprechaun/Ark-1 exhibit a defect
in phase 3.

Steady-state '**I-insulin binding. In view of the
failure of porcine DOP- and turkey DAA-insulins to
retard dissociation of !%I-insulin with cells from lep-
rechaun/Ark-1 (Figs. 6B, 6D), it is important to doc-
ument that these insulin analogs are able to bind to
insulin receptors from leprechaun/Ark-1. In fact, these
analogs bind quite well to cells from leprechaun/Ark-
1 (Fig. 7)—even more tightly than to cells from control
subjects. The binding-competition curves for turkey
DAA- and porcine DOP-insulins are shifted five- to
sixfold to the left as compared to the curves with cells
from control subjects (Figs. 7C, 7D, Table I).

Effects of anti-receptor antibodies on '*I-insulin
binding. We inquired whether the leftward shift of
the binding-competition curves is specific for insulin
and insulin analogs. In the case of antibodies to the
insulin receptor, another ligand for the receptor (14),
the leftward shift of the binding curve was not ob-
served. Anti-receptor antibodies appeared to recognize
insulin receptors equally well from all cell types stud-
ied (Fig. 8).

DISCUSSION

In leprechaun/Ark-1, the genetic defect in the insulin
receptor results in an abnormally high binding affinity
for insulin under physiological conditions (i.e., 37°C
and pH 7.4) as well as a marked insensitivity of binding
to alterations of pH and temperature (2). Paradoxi-
cally, the increased occupancy of receptors by insulin
under physiological conditions is associated with ex-
treme insulin resistance (2, 9, 10, 15). Unraveling this
paradox may provide insight into the mechanism of
coupling hormone binding to hormone action.
Kinetic model for the binding properties of the in-
sulin receptor. The complex dissociation kinetics ob-
served with the insulin receptor may be analyzed more
simply by considering three limiting conditions, char-
acterized by different dissociation rates (Fig. 9A):

(a) Spontaneous dissociation rate (curve E): In the
absence of unlabeled insulin, !25I-insulin dissociates
relatively slowly (Figs. 1A, 6A, 6C, 9A).

(b) Maximally accelerated dissociation rate (curve
F): Moderate concentrations of porcine insulin (~500
ng/ml) lead to maximal acceleration of the dissociation
of ®*I-insulin (Figs. 1A, 9A).

(c) Maximally retarded dissociation rate (curve G):
Insulin analogs (e.g., porcine DOP- and turkey DAA-
insulins), as well as covalent dimers of insulin (12, 13,
19), retard the rate of dissociation of !*°I-insulin (Figs.
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FiGURE 7 Binding-competition curves with insulin analogs. '**I-insulin binding studies were
carried out at 15°C with cultured lymphocytes from leprechaun/Ark-1 as well as three control
subjects (two normal volunteers and a patient with anti-receptor antibodies). Results are ex-
pressed as a percentage of the specific binding of '**I-insulin (0.1 ng/ml) observed in the absence
of unlabeled insulin. The data are means+SEM of seven (porcine insulin, panel A), six (guinea
pig insulin, panel B), or two (turkey DAA-insulin, panel C; porcine DOP-insulin, panel D)
separate experiments. Data with cells from control subjects are represented with closed symbols
and solid lines; data with cells from leprechaun/Ark-1 are represented with open symbols and

broken lines.

6A, 6C). Presumably because of the tendency of insulin
to dimerize when present in concentrated solutions,
high concentrations of insulin (e.g., 500,000 ng/ml)
similarly retard the dissociation rate (Fig. 1C). Thus,
the effects of any concentration of porcine insulin de-
pends upon a balance between the effects of that frac-
tion of insulin that exists as monomer and that fraction
that exists as dimer. At concentrations of porcine in-
sulin <500 ng/ml, the predominant species is mono-
meric insulin, which accelerates the dissociation of '2]-
insulin. At concentrations of porcine insulin =5,000
ng/ml, the effects of dimeric insulin to inhibit mo-
nomeric insulin binding as well as to retard #*I-insulin
dissociation begin to be observed. It should be em-
phasized that insulin concentrations in excess of 10 ng/
ml are almost certainly supraphysiologic. These high
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concentrations are being exploited as an experimental
tool to probe receptor function. Moreover, we do not
wish to imply that there is a significant concentration
of dimeric insulin in the circulation in vivo.

Despite the general agreement about the phenom-
enology of the kinetics of insulin binding, considerable
controversy surrounds the question of which kinetic
model correctly explains the experimental observa-
tions (4, 20-25). Although it is beyond the ambition
of the present work to provide final resolution to the
controversy, we have chosen to rationalize our obser-
vations in terms of a model that assumes cooperative
interactions among insulin binding sites (4, 5). We
believe that this model provides the simplest expla-
nation of our data. According to this model, the insulin
receptor may exist in three conformations: E, F, and
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FiGure 8 Inhibition of '®I-insulin binding by anti-receptor
antiserum. Cultured lymphocytes (107 cells/ml) were sus-
pended in the usual binding buffer (0.5 ml) containing anti-
receptor antiserum at a dilution of 1:10,000 to 1:250. After
incubation at 21°C for 90 min, the cells were sedimented
by centrifugation (250 g for 8 min) and the medium was
aspirated. Cells were resuspended in fresh medium contain-
ing '®I-insulin (0.1 ng/ml) in the presence or absence of
unlabeled insulin (0.05 mg/ml). '*I-insulin binding was as-
sayed as outlined in Methods. Data are presented as the per-
centage of the maximal specific binding observed in the ab-
sence of anti-receptor antiserum. For these studies, cultured
lymphocytes were obtained from leprechaun/Ark-1 (@), a
male with lipoatrophic diabetes (O), a normal female (4),
and a normal male (O).

G, corresponding to the dissociation curves depicted
in Fig. 9. Each conformation has a characteristic af-
finity for insulin: K., K¢, and K,, respectively. When
unoccupied by insulin, the insulin receptor from nor-
mal subjects is ordinarily in the E-conformation. Mo-
nomeric porcine insulin promotes a transition to the
F-conformation (negative cooperativity). In contrast,
porcine DOP- and turkey DAA-insulins promote a
transition to the G-conformation (positive coopera-
tivity).2

Abnormal dissociation kinetics with receptors from
leprechaun/Ark-1. Cultured lymphocytes from lep-
rechaun/Ark-1 revealed unique abnormalities in the
kinetics of dissociation of '2*I-insulin from its receptor:

(a) The spontaneous dissociation rate observed in
the absence of unlabeled insulin was already as slow

2 De Meyts has previously reported that turkey DAA-in-
sulin gives rise to a linear Scatchard plot when binding stud-
ies to cultured lymphocytes are analyzed (26). However, on
theoretical grounds, the positive cooperativity observed with
turkey DAA-insulin suggests that the Scatchard plot should
be curvilinear (i.e., concave downward). We do not under-
stand this apparent inconsistency. Perhaps the curvature of
the Scatchard plot is so slight that the curve is well approx-
imated by a straight line.
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FIGURE 9 Schematic summary of studies on kinetics of dis-
sociation of !*’I-insulin. The data from Figs. 1 and 6 are
partially summarized here. We have interpreted the data in
terms of three limiting dissociation curves: curve E, slow
dissociation rate; curve F, rapid dissociation rate; and curve
G, ultraslow dissociation rate. For each cell type (panel A,
control subjects; panel B, leprechaun/Ark-1), the curve de-
scribing the spontaneous dissociation rate is denoted with a
solid line. The other two dissociation curves are represented
with dotted lines. According to the conventional nomencla-
ture of the negative cooperativity model (4), curves E and
F may be correlated with the K. and K; conformations of
the insulin receptor. While others (16-18) have suggested
various forms of ultra slowly dissociating forms of the insulin
receptor, we have not adopted their nomenclature because
it is not certain that all of the groups are describing the same
phenomena.

as the maximally retarded rate in normal cells (Fig.
9B, curve G).

(b) Positive cooperativity (i.e., retardation of the
dissociation rate) was not observed with leprechaun/
Ark-1. Those analogs (i.e., porcine DOP- and turkey
DAA-insulins) which ordinarily retard dissociation of
1251 insulin had no effect upon the dissociation rate
with cells from leprechaun/Ark-1 (Figs. 6B, 6D, 9B).

(c) High concentrations of porcine insulin (i.e.,
500,000 ng/ml) led to acceleration rather than retar-
dation of dissociation (Figs. 1D, 9B). In contrast, ac-
celeration of the dissociation rate by moderate con-
centrations of insulin was similar in both cell types
(Figs. 1A, 1B, 9A, 9B). It seems likely that the lepre-
chaun/Ark-1 insulin receptor exists in the G-confor-
mation rather than the E-conformation, even when the
receptor is unoccupied by hormone (Fig. 9B). This
accounts for the abnormally slow spontaneous disso-
ciation rate. Moreover, positive cooperativity is not
observed with receptors from leprechaun/Ark-1, be-
cause the receptor already exists in the G-conforma-
tion, even in the absence of porcine DOP- or turkey
DAA-insulins.

Biological significance of the defect in positive
cooperativity. The receptor from leprechaun/Ark-1
would be predicted to bind abnormally large amounts

1683



of insulin under physiological conditions of tempera-
ture and pH (2). Nevertheless, this insulin binding ap-
pears not to be coupled efficiently to the induction of
biological activity (9). Consequently, it seems likely
that the G-conformation of the receptor, despite its
ultrahigh affinity for insulin, may be compromised in
its ability to mediate the early events in insulin action.
This suggests that the same molecular defect in the
receptor simultaneously interferes with positive coop-
erativity and insulin action, possibly because the two
phenomena share common mechanisms.

While the detailed mechanism for the uncoupling
of the insulin receptor is not certain, these observations
closely resemble the situation with the UNC mutation
in S49 lymphoma cells (6, 7). Normally, the guanine
nucleotide binding subunit has at least two functions:
(a) to couple hormone binding to activation of ade-
nylate cyclase, and (b) to regulate the affinity of re-
ceptor for agonistic ligands. In the case of the UNC
mutation, the primary genetic defect appears to affect
the guanine nucleotide binding subunit. As a result of
the UNC mutation, the defective guanine nucleotide
binding subunit does not interact normally with hor-
mone receptors. Just as with leprechaun/Ark-1, the
UNC mutation is associated not only with hormone
resistance, but with defective regulation of hormone
receptor affinity as well. We have previously proposed
(15) that the mutation in leprechaun/Ark-1 may be
a structural defect in the insulin receptor such that the
receptor does not interact normally with the “affinity
regulator” (27). The fact that this defect gives rise to
insulin resistance suggests that the affinity regulator
may serve to couple insulin binding to bioactivity, a
function similar to that of the guanine nucleotide bind-
ing subunit in the adenylate cyclase system. We may
now extend this model to propose that the ultraslowly
dissociating form of the insulin receptor (i.e., the G-
state) may be a form which is uncoupled from the
“affinity regulator.” At present, this model remains
highly speculative. Nevertheless, it seems likely that
elucidation of the binding abnormalities in receptors
from leprechaun/Ark-1 may give insight into the mo-
lecular details of the mechanism of insulin action just
as mutations affecting the guanine nucleotide binding
subunit of adenylate cyclase (e.g., UNC, CYC™, and
H21a) have contributed to our understanding of the
mechanism of action of catecholamines (6, 7).
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