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SUMMARY Site-directed mutagenesis of the insulin receptor cDNA is now widely
used to elucidate the role of various domains and residues of the receptor,
particularly in order to examine the functional importance of the g chain -
associated tyrosine kinase. However, ]ittle has been done to correlate the
functional repercussions of such mutations with alterations in the complex
insulin binding kinetics. This is due in part to the difficulty of conducting
large scale experiments using transfected cells on culture dishes. In an effort
to overcome this problem, we have developed a method for culturing Chinese
hamster ovary (CHO) cells in suspension culture, which provides a large number
of cells and obviates the need for enzymatic or mechanical detachment of cells.
The feasibility of this approach is demonstrated in a detailed study of the
kinetics of insulin binding to the Tyr - Phe 960 insulin receptor mutant.

U 1989 Academic Press, Inc.

Since several groups have successfully cloned the cDNA for the insulin
receptor and expressed it in various cell types (1-3), site-directed mutagenesis
has been widely used to probe the functional importance of various receptor
domains, especially in the evaluation of the physiological role of the receptor
g-subunit protein-tyrosine kinase (4-10). Only recently have investigators
attempted to use site-directed mutagenesis to elucidate the structure-function
relationships of the insulin-binding « subunit (11-16). tfacking in most of
these studies has been a careful evaluation of the repercussions of receptor
mutations on the details of insulin binding kinetics. Such a correlation between
function and kinetics is essential since the complex kinetics of insulin binding
most probably represents the interplay of several ligand-induced conformational
changes (17), the understanding of which may provide considerable insight into
the mechanisms of receptor activation. For example, it was recently shown that
monoclonal antibodies that stabilize the slow-dissociating ("K.,..") state of the
insulin receptor (17-21) mimicked the biological effects of insulin without
stimulating receptor autophosphorylation (19,21), and were potent downregulators
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of the receptors. These data suggested that the K state may have

super
physiological relevance with respect to receptor transmembrane signalling and
internalization.

One reason why studies of correlation between kinetics and function of
mutated receptors have been scarce is due in part to the difficulty of conducting
large-scale experiments using transfected cells on culture dishes, especially
dissociation experiments that require a Targe dilution factor and rapid
separation of bound and free hormone (17,22).

In an effort to overcome this problem, we have developed a method for
culturing Chinese hamster ovary (CHO) cells (one of the cell types preferentially
used for stable transfection experiments), in suspension culture, which provides
a large number of cells and obviates the need for enzymatic or mechanical
detachment of cells. To demonstrate the feasibility of this approach, we present
here a detailed study of the kinetic properties of insulin receptors mutated at
tyrosine 960 (changed to phenylalanine). This mutation had no effect on the
insulin-induced autophosphorylation of the receptor, or on its tyrosine kinase
activity in vitro, but the mutated receptor failed to transmit the insulin signal

as shown by a lack of insulin stimulation of glycogen synthetase, amino acid
uptake and thymidine incorporation in transfected cells (23).

MATERIALS AND METHODS
Porcine insulin was purchased from Sigma (Batch #46F-0256; activity 26.3

U/mg).

[*%°I-Tyr-Al4]-insulin was prepared by iodination with the stoichiometric
chloramine-T method and purified by HPLC using a RP-1/C18 reverse phase system
(24). The precipitability of the tracer in 5% TCA was over 95%.

Cell culture. Cells transfected with normal or mutant forms of the human
insulin receptor were grown in suspension in 250 ml Erlenmeyer flasks in 150 ml
of McCoy’s 5a media plus 15% fetal calf serum and 1.7 mg/ml G418. The cells were
kept suspended using an orbital shaker at a setting of 140 rpm. Cell lines were
maintained by splitting the culture 1:3 every second day into fresh media. For
experiments, cultures were inoculated from a well-growing flask and used at 2
days post sub-culture.

Steady state binding studies. CHO cells (10° cells/ml) were incubated in
5 ml polystyrene tubes with '*I-insulin (10 pM) for 150 min. at 15°C in
buffer containing HEPES 100 mM; NaCl 120 mM; KCL 5 mM; Mg,S0, 1.2 mM; Na acetate
15 mM; glucose 10 mM; EDTA 1 mM; BSA 1% pH 7.6; in the presence of increasing
concentrations of unlabeled insulin (0-10 pg/ml, i.e., 0-1.7 uM). Total volume
was 0.5 ml. At the end of incubation, duplicate 200 p1 aliquots from each tube
were deposited on top of 200 x1 ice cold buffer in 0.5 ml polypropylene microfuge
tubes, which were spun for 60-90 sec. in a Beckman Microfuge. The supernatants
were aspirated and the tips containing the pellets cut and counted for 10 min.
in a y-counter with 85% efficiency. The radicactivity in the pellets (minus the
radioactivity observed in the presence of 10 pg/ml unlabeled insuiin) was taken
as specific binding. The bound/total radioactivity was plotted as a function
of unlabeled insulin concentration (competition curves). The competition data

1Using the numbering system of Ullrich et al.
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were fitted using proprietary programs on a Sun workstation to a model assum@ng
negatively cooperative binding, with equilibrium dissociation constant K, varying
with receptor occupancy according to the relation

Kd = Kz + (B/Ro) (Kye - Kqo)

when B = bound insulin concentration, Ro = total receptor concentration, and K,,
and K, are the effective equilibrium dissociation constants near zero receptor
occupancy and full occupancy, respectively (25).

This model does not take into account the "K . .." state, but since we
showed recently that inclusion of the "K,,.. " state in the equilibrium analysis
(26) does not change the shape of the competition curve or Scatchard plot
(Shymko, R. and De Meyts, P. manuscript in preparation), we used the simpler
model here for comparison purposes.

The specific binding data were also plotted as bound/free radioactivity,
as a function of specifically bound (labeled plus unlabeled) insulin {Scatchard
plots), and the theoretical curve corresponding to the parameters fitted above
was superimposed on the experimental points.

Dissociation kinetics. The kinetics of dissociation of the °I-insulin
from CHO cells was studied as previously described for IM-9 lymphocytes (17,21).
The cells were washed twice, then resuspended at 1-1.5 X 10’ cells/ml in buffer
containing 100 mM hepes pH 7.6, 120 mM NaCl, 1.2 mM Mg,SO,, 1 mM EDTA, 15 mM
sodium acetate, 10 mM glucose and 1% bovine serum albumin. Cells were incubated
with [**°I-Tyr-Al4]-insulin (10 pM) for 1 hour at 15°C. The cells were then
centrifuged at 4°C and resuspended in the same volume of fresh Hepes buffer at
4°C. Dissociation was then initiated by a 40-fold dilution of 50 pl1 aliquots
into two duplicate sets of 5 ml polyethylene tubes containing respectively either
2 ml Hepes buffer at 4°C or 15°C ("dilution alone"), or buffer with 1.7 nM
unlabeled insulin ("dilution + insulin"). Appropriate sets of tubes were
centrifuged at 4°C at the indicated time points for 2 min. at 1000 rpm in a
Beckman GPR centrifuge, the supernatants aspirated and the pellets counted and
expressed as a fraction of the radiocactivity bound at time 0 (measured in
duplicate 50 1 aliquots centrifuged immediately after resuspension and before
dilution).

RESULTS

Growth of CHO cells in suspension (Figure 1)

The CHO cells adapted easily to growth in suspension culture. With an
initial inoculum of 1 X 10° cells/ml and no change of media, CHO cell number
doubled approximately every 24 hr. for 3 days and slowed thereafter as cell
density increased to a plateau of 1 - 1.3 X 10® cells/ml. The growth curves for
the CHO cells transfected with native insulin receptor cDNA (CHO-HIR) and those
transfected with the Tyr - Phe 960 mutant receptor (CHO-F960) were identical.
Based on these observations, the cell lines were maintained by splitting the
culture 1:3 every second day into fresh media, and used 2 days post sub-culture
for experiments.

Steady-state binding

Competition curves for CHO cells transfected with both native and mutated
insulin receptor were identically shaped and spanned 3-4 log units, indicating
complex binding. A typical experiment is shown in Figures 2a and b. The data
fitted a negatively cooperative model (25) and, when transformed into Scatchard
coordinates, demonstrated curvilinear plots (Figure 2c and d). The K, values
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Figure 1. Growth of transfected CHO-HIR (e) and CHO-F960 (o) cells in
suspension culture. The cells were cultured as explained in Materials and
Methods. At the indicated times, an aliquot of cells was counted with a ZH
Coulter counter.
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Figure 2. Steady-state binding of *I-insulin to CHO-HIR and CHO-F960 cells.
Competition studies (top) were performed and Scatchard plots (bottom) were
constructed and analyzed as explained in Materials and Methods.
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Figure 3. Kinetics of dissociation of 'I-insulin from CHO-HIR and CHO-F960
cells at 4°C (left) and 15°C (right), by dilution in buffer alone or in buffer
containing 1.7 X 1077 M unlabeled insulin (see Materials and Methods for
details).

for native and mutant receptors were respectively 5.8 and 7.1 nM, and the K,
values 37.2 and 26.6 nM. The R, value was 6.4 nM or ~384,000 receptors/cell for
the native receptor versus 2.9 nM or ~174,000 receptors/cell for the mutant
reflecting the usual variability in receptor expression between different
transfections. The average fitted parameter values from seven different
experiments were, for the cell lines transfected with native and mutant receptor
respectively: Kde = 4.95 + 4.55 nM and 5.21 + 2.83 nM (not statistically
different); Ro = 3.95 + 3.22 nM and 1.78 + 1.23 nM.

Dissociation kinetics

The dissociation rate of **I-insulin from both CHO-IR and CHO-F960 cells
was markedly accelerated by unlabeled insulin at both 4°C and 15°C (Figure 3a

and b) as previously demonstrated with native insulin receptors on other cell
types (22,17) as well as with purified receptors (27). The dissociations were
not first-order and slowed down with time in all cases. The dissociation curves
obtained with the mutant receptor were clearly superimposable to those obtained
with the native receptor and therefore were not submitted to more detailed
quantitative analysis.

DISCUSSION

We have demonstrated the feasibility of adapting CHO cells to suspension
culture with good yields. This method has two important advantages for the
study of ligand binding to mutated receptors:

13 Large numbers of transfected cells can be obtained in a short pericd of
time.
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2) Binding studies can be performed directly in suspension without the
potential for damage to cell surface receptors associated with enzymatic or
mechanical detachment of cells from culture dishes. We have applied first this
method to the study of the binding kinetics of the insulin receptor bearing a
mutation of Tyr 960- Phe, a mutation which markedly impairs signal transmission
but not the autophosphorylation or phosphotransferase activity of the receptor
(23).

We show here that there is no significant difference in the detailed
kinetic and equilibrium binding characteristics of mutated versus normal insulin
receptors expressed on the surface of transfected cells®. In particular, the
negative cooperativity is intact as shown by the curvilinear Scatchard plots
and the same degree of acceleration of dissociation of ***I-insulin by unlabeled
insulin; the presence of the so-called "K,.." state {(17) is attested by the
existence of a slow dissociating compartment with identical sTope in both native
and mutated receptors.

super

These results suggest that the signal transmission defect caused by the
F960 mutation does not result from a global conformational change in the receptor
affecting the insulin binding site or the site-site interactions (both negative
and positive). The data support the more plausible conclusion (23) that the
mutation alters locally the receptor g-chain’s interaction with intracellular
effector molecules or substrates mediating insulin action, as also suggested by
the inability of the mutated receptor to phosphorylate ppi85 in whole cells
(23).

The method described here should be most valuable for studies in progress
of the kinetic binding properties of insulin receptors mutated in the a-chain,
which contains the insulin binding site.
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