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Abstract

Insulin exerts its biological effects through a plasma membrane receptor that possesses a tyrosine kinase activity. Binding of
insulin to its receptor induces a conformational change that stimulates the autophosphorylation of the receptor on tyrosine residues.
This autophosphorylation stimulates the tyrosine kinase activity of the receptor toward intracellular substrates involved in the
transmission of the signal. The discovery of pharmacological agents that specifically activate the tyrosine kinase activity of the
insulin receptor will be of great importance for the treatment of insulin-resistant or insulin-deficient patients. We have developed a
procedure based on Bioluminescence Resonance Energy Transfer (BRET) to monitor the activation state of the insulin receptor.
Human insulin receptor cDNA, was fused to either Renilla luciferase or yellow fluorescent protein coding sequences. Fusion insulin
receptors were partially purified by wheat-germ lectin chromatography from HEK-293 cells co-transfected with these constructs. The
conformational change induced by insulin on its receptor could be detected as an energy transfer (BRET signal) between Renilla
luciferase and yellow fluorescent protein. BRET signal paralleled insulin-induced autophosphorylation of the fusion receptor. Dose-
dependent effects of insulin, insulin-like growth factor 1 and epidermal growth factor on BRET signal were in agreement with known
pharmacological properties of these ligands. Moreover, an antibody, which activated the autophosphorylation of the receptor, had
similar effects on BRET signal. This methodology allows for rapid analysis of the effects of agonists on insulin receptor activity and

could, therefore, be used in high-throughput screening for the discovery of molecules with insulin-like properties.
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1. Introduction

Insulin, a polypeptide hormone produced by the [ cell of
the pancreas, plays a crucial role in the regulation of energy
metabolism. It stimulates the uptake of nutrients (glucose,
amino acids and fatty acids) by cells, accelerates their
conversion into macromolecules (glycogen, proteins and
triglycerides) and inhibits the degradation of these macro-
molecules. At the cellular level, insulin acts on its target
tissues (liver, muscle and adipose tissue) by binding to a
plasma membrane receptor. The insulin receptor is a gly-
coprotein composed of two a-subunits and two B-subunits
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linked by disulfide bonds (Fig. 1). Binding of insulin to the
a-subunits of the receptor induces the autophosphorylation
of the B-subunits on tyrosine residues. This autophosphor-
ylation stimulates the tyrosine kinase activity of the recep-
tor toward intracellular substrates, thereby allowing the
transmission of the signal [1]. In pathological states, such
as diabetes and obesity, insulin effect on its target tissues is
markedly reduced. This insulin resistance is often asso-
ciated with a decrease in the tyrosine kinase activity of
the receptor, resulting in alterations in insulin signalling.
The discovery of new molecules, capable of stimulating the
tyrosine kinase activity of the receptor, may be of con-
siderable importance for the treatment of insulin-resistant
or insulin-deficient patients. In order to discover such
molecules, it is important to have a fast and convenient
method to monitor the activity of the insulin receptor.
Classically, the tyrosine kinase activity of the insulin
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Fig. 1. Insulin regulates energy metabolism through a tyrosine kinase receptor. Insulin is a pancreatic hormone that controls energy metabolism in liver,
muscle and adipose tissue (a). Binding of insulin to the a-subunit induces the phosphorylation of three tyrosines located in the kinase domain of the B-subunit
of the receptor. In insulin-resistant patients, the autophosphorylation and the kinase activity of the receptor are decreased, resulting in alterations in insulin

signalling (b).

receptor is assessed by determining its ability to phosphor-
ylate substrate peptides on tyrosines. This can be achieved
either by measuring the incorporation of radioactive phos-
phate into the substrate or by immunological techniques,
such as ELISA, using anti-phosphotyrosine antibodies.
However, the former method presents all the drawbacks
associated with the handling of radioactive isotopes, and
the latter implies many time-consuming incubation and
washing steps. Therefore, the existing techniques for mea-
suring the activity of the insulin receptor are not particu-
larly convenient for the search of new molecules in high-
throughput screening assays. For these reasons, we decided
to determine whether we could develop a new assay, based
on the BRET methodology [2,3], to monitor the activity of
the insulin receptor.

2. The Bioluminescence Resonance Energy Transfer
methodology

In order to study the interaction between two partners,
the first partner is fused to Renilla luciferase. The second

partner is fused to the yellow variant of the green fluor-
escent protein. The luciferase is excited using a specific
substrate, ccelenterazine. If the two partners do not interact,
only one signal, emitted by the luciferase at 485 nm, can be
detected. If the two partners interact (if the distance
between the two partners is comprised between 10 and
100 A), an energy transfer occurs between the luciferase
and the yellow fluorescent protein (YFP), resulting in the
emission of a fluorescent signal by the YFP at 530 nm
(Fig. 2).

Binding of insulin to the «-subunits of the receptor is
believed to induce a conformational change that brings the
two B-subunits in close proximity, allowing trans-phos-
phorylation of one B-subunit by the other B-subunit [4]. We
reasoned that if we could make a chimeric insulin receptor
with one of the B-subunit fused to the luciferase and the
other B-subunit fused to the YFP, we should be able to
detect the conformational changes of the receptor using the
BRET methodology (Fig. 3a). For this purpose, we have
fused the cDNA coding for the human insulin receptor to
either Renilla luciferase or YFP. These constructs are co-
transfected in HEK cells. The cells are extracted and the
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Fig. 2. Principle of the BRET methodology. The partners of interest
(proteins A and B) are fused to either Renilla luciferase or to the yellow
fluorescent protein. The luciferase is excited using a specific substrate,
ceelenterazine. If the two partners are in close proximity (10-100 A), an
energy transfer occurs between the luciferase and the YFP, and a
fluorescent signal, emitted by the YFP, can be detected.

chimeric receptors are partially purified by wheat-germ
lectin chromatography [5].

3. Monitoring the activation of the insulin receptor
with BRET

Partially purified chimeric receptors are incubated in 96
well-microplates in absence or presence of insulin. Ccelen-
terazine is added to stimulate the luciferase, and light
emission acquisition at 485 and 530 nm is started imme-
diately. We observed that a BRET signal could be readily
detected in the basal state (Fig. 3b). This signal probably
reflects random interactions between Renilla luciferase and
YFP. Binding of insulin to its receptor resulted in a
conformational change that brings closer together the
two B-subunits, thus allowing trans-phosphorylation to
occur. In this conformation, the probability of having
Renilla luciferase and YFP in close proximity will
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Fig. 3. The BRET methodology can be used to monitor the activity of the
insulin receptor. The conformational change induced by insulin (a) can be
detected as a BRET signal (b). This BRET signal reflects the activation state
of the insulin receptor, as measured by its autophosphorylation on tyrosine
residues using an anti-phosphotyrosine antibody (c). Adapted from [5].

increase, resulting in a stronger BRET signal (a 2-3-fold
increase). This effect was obtained using receptors incu-
bated in the absence of ATP. No further increase could be
detected if the chimeric receptors were submitted to an
autophosphorylation reaction [5]. Therefore, the BRET
signal corresponds to the conformational change induced
by insulin prior to any phosphorylation event.

We have also measured, in the same experiments, the
effect of insulin on the autophosphorylation of the chimeric
receptor, by immunoblotting using an anti-phosphotyrosine
antibody (Fig. 3c). Densitometric analysis of the blots
showed that the effect of insulin on BRET signal was very
similar to the effect of insulin on the autophosphorylation of
the chimeric receptor. Therefore, the BRET signal indeed
reflects the activation state of the insulin receptor (Fig. 3c).

We also performed dose-response experiments [5] and
we observed that insulin dose-dependently stimulated
BRET signal, with a half-maximal effect at about 5 nM
of insulin. Insulin-like growth factor 1 also dose-depen-
dently stimulates BRET signal, but with a half-maximal
effect at about 200 nM. Epidermal growth factor had no
effect on the BRET signal. These results are in agreement



816

with known pharmacological properties of these ligands
toward the insulin receptor.

In order to determine whether our assay could detect the
effect of molecules with insulin-like activities, we have used
a monoclonal antibody, directed against an epitope located
on the a-subunit of the receptor [6]. It has been shown that
83-14 antibody has insulin-like effects on adipocyte meta-
boblism [7], and that it stimulates the autophosphorylation
of the receptor [8]. It is known that 83-14 antibody acts on
the insulin receptor through an epitope that is distinct from
the insulin binding site. Moreover, it has been shown that
this antibody can stimulate the tyrosine kinase of receptors
from a diabetic patient with a rare mutation that impairs
insulin binding [9]. We observed that this antibody also
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strongly stimulates BRET signal, indicating that our pro-
cedure should allow to detect molecules that activate the
insulin receptor independently of the insulin binding site [5].

4. BRET vs. conventional techniques

Fig. 4 compares BRET to classical techniques employed
to monitor the activity of the insulin receptor. The BRET
assay is much faster, as it does not require any phosphor-
ylation reaction, washing step or separation procedure.
Such a homogenous assay is clearly advantageous to
evaluate the activity of molecules or ligands towards the
insulin receptor. However, like any methodology, it has its
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Fig. 4. Comparison of different methods used to assay the activity of the insulin receptor. The activity of the insulin receptor can be assessed by measuring
the incorporation of radioactive phosphate into a substrate peptide. To this end, it is first necessary to perform an autophosphorylation reaction, in order to
activate the kinase of the receptor. Then, exogenous substrate and radioactive ATP are added, and the phosphorylation reaction is performed. The reaction
mixture is spotted onto phosphocellulose paper squares, which retain the peptide. After several washing steps, the paper squares are dried and transferred into
a radioactive counter to quantify the incorporation of 3*P into the peptide (a). The activity of the insulin receptor can also be assessed using immunological
techniques, such as ELISA. An autophosphorylation reaction is still necessary. The exogenous substrate is then added, and the phosphorylation of the
substrate is performed. The phosphorylated substrate is immobilised by incubation with an anti-substrate antibody precoated on a microtitre plate. After
several washing steps, the immobilised peptide is incubated with an anti-phosphotyrosine antibody coupled to peroxydase. After additional washing steps to
remove unbound peroxydase labelled antibody, the signal can be measured (b). The BRET assay is entirely homogenous. It does not involve any
phosphorylation reaction, separation or washing steps. The only reagent needed is ccelenterazine (c).
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own limitations. Indeed, this assay is entirely based on
artificial receptors with one B-subunit fused to luciferase
and the other B-subunit fused to YFP. Therefore, it
obviously cannot be employed for the study of the func-
tional activity of the insulin receptor in different patho-
physiological situations, for instance in animal models of
insulin resistance or in human obese or diabetic patients.
For such studies, the use of more conventional techniques
remains necessary.

5. Conclusion

We have developed a fast and convenient assay, based on
BRET methodology, which can be used for the detection of
molecules with insulin-like activity. This is a homogenous
assay, which requires neither phosphorylation reaction nor
washing steps. Moreover, the fact that this assay is per-
formed in very small volumes (we routinely use 5 pL of
partially purified receptors) and that the only reagent
needed is ccelenterazine, makes it a particularly econom-
ical procedure.

This method is obviously amenable to high-throughput
screening assay. Indeed, partially purified chimeric recep-
tors can be prepared on a large scale by wheat-germ lectin
chromatography, aliquoted and stored at —80° for several
months. At any time, these aliquots can be used to study the
effects of molecules on the insulin receptor activity. The
receptor solution can be distributed in an automated way in
96 well-microplates, and libraries of molecules can be
rapidly screened for the search of new drugs with insu-
lin-like activity that may be used for the treatment of
insulin deficiency or insulin resistance.
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