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This Research Topic assembles for the first time a comprehensive
selection of articles (mini review, review articles, original research,
and opinion articles) on the bioluminescence resonance energy
transfer (BRET) technology. BRET is a natural phenomenon
known in several marine organisms. It relies on the non-radiative
transfer of energy from an appropriate energy donor to an energy
acceptor, provided that both are located at a distance lower than
10 nm [see Ref. (1) for a basic and theoretical introduction]. BRET
has been first applied to the detection of protein–protein interac-
tions (PPIs) in 1999 (2). Since then, the technology constantly
evolved by combining new donor and acceptor couples and devel-
oping various BRET assay formats as discussed in the Mini Review
article of De et al. (3).

Many BRET assays have been developed to study the oligomer-
ization of seven-transmembrane-spanning G protein-coupled
receptors (GPCRs). The BRET technology provides an attrac-
tive way to study this phenomenon in intact cells without the
need of solubilization of receptors from their natural membrane
environment. The overwhelming majority of BRET-based studies
conclude that GPCRs do indeed exist as dimers or higher-order
oligomers when transfected into cells at physiological levels. Three
of the articles of this Research Topic discuss BRET assays that have
been developed to properly address the specificity of BRET sig-
nals obtained upon expression of different GPCRs (1, 4, 5). The
current consensus confirms that several different BRET assays are
needed to evaluate the specificity of BRET signals. The precise role
of each of these assays remains a source of controversy in the field
(4). Further refinement of BRET control experiments and appli-
cation of new techniques like single-molecule measurements and
functional in vivo studies are likely to provide new insights to the
existence and physiological relevance of GPCR oligomerization.
Not surprisingly, GPCR oligomerization is the main issue of four
articles of this Research Topic (4–7) ranging from studies on class
A and B GPCR homo- and heteromers using BRET or alternative
approaches like time-resolved FRET measurements.

Apart from performing the proper control experiments,
another important issue in the BRET field concerns the proper
interpretation of stimulus-induced BRET signals. In the context of
GPCR oligomerization, agonist-induced BRET signals can be gen-
erated by an agonist-driven oligomerization or agonist-induced
conformational changes within preassembled oligomers. Discrim-
ination between these two possibilities is not trivial but has become

possible due to the development of BRET donor saturation exper-
iments in the absence and presence of receptor stimulation (8, 9).
This issue, to which BRET has made a significant contribution,
is obviously of general importance for the field of PPIs. This is
illustrated by the articles describing the interaction of the protease-
activated receptor 1 and 2 with its cognate G proteins as described
by Ayoub and Pin (10) and Ayoub et al. (11).

The BRET technology has been extended toward other recep-
tor families like tyrosine kinase receptors and cytokine receptors.
This diversification demonstrates the general feature of this tech-
nique. These studies did not only address the question of receptor
oligomerization but also monitored the real-time interaction of
receptors with various effector molecules such as Grb2, PTP1-B,
PLC-γ1, etc. This important aspect is discussed in the review arti-
cle of Siddiqui et al. (12). Receptor–effector interactions have been
also monitored by BRET for two privileged GPCR interacting part-
ners, heterotrimeric G proteins and β-arrestins, as documented in
articles of this Research Topic (6, 10, 11, 13).

A more recent application of BRET concerns the development
of biosensors to monitor downstream events of cellular signal-
ing like the generation of second messengers and activation of
intracellular kinases. These sensors are typically composed of the
energy donor and acceptor separated by an assay-specific domain
that changes its conformation upon second messenger binding or
phosphorylation, thus modifying the position of the donor and
acceptor and consequently the BRET signal. Similar sensors have
been developed for FRET applications, which served as source of
inspiration for the development of the BRET sensors. The articles
from Salahpour et al. (13) and Xu et al. (2) describe the design and
validation of cAMP and ERK sensors.

The high reproducibility of BRET and the robustness of the
measurements make BRET an interesting option for the design of
high throughput screening assays. Two applications are discussed
in this Research Topic. The first concerns the design of an assay for
the identification of compounds that specifically activate GPCR
heteromers (6) based on the recruitment of β-arrestin to GPCR
heteromers. The second case concerns the identification of PPI
inhibitors (14).

Taken together, this Research Topic provides an illustrative
overview of the principles and applications of the BRET tech-
nology that should be of interest for any scientist interested in
monitoring PPI in intact cells.

www.frontiersin.org January 2014 | Volume 5 | Article 3 | 1

http://www.frontiersin.org/Endocrinology
http://www.frontiersin.org/Endocrinology/editorialboard
http://www.frontiersin.org/Endocrinology/editorialboard
http://www.frontiersin.org/Endocrinology/editorialboard
http://www.frontiersin.org/Endocrinology/about
http://www.frontiersin.org/Journal/10.3389/fendo.2014.00003/abstract
http://www.frontiersin.org/Journal/10.3389/fendo.2014.00003/abstract
http://www.frontiersin.org/people/u/5066
mailto:ralf.jockers@inserm.fr
http://www.frontiersin.org
http://www.frontiersin.org/Molecular_and_Structural_Endocrinology/archive


Jockers Comment on “BRET” Ebook

ACKNOWLEDGMENTS
The author thanks Erika Cecon (University of Sao Paulo, Brazil)
for comments. This work was supported by grants from the Agence
National pour la Recherche (Grants ANR RPIB 2012 “MED-HET-
REC-2,” the “Who am I?” laboratory of excellence No. ANR-11-
LABX-0071 funded by the French Government through its“Invest-
ments for the Future” program operated by ANR under grant No.
ANR-11-IDEX-0005-01),“Fondation Recherche Médicale”(Grant
FRM DEQ20130326503), and ARC (Grants ARC N°5051, ARC
N°N° SFI20121205906).

REFERENCES
1. Drinovec L, Kubale V, Nøhr Larsen J, Vrecl M. Mathematical models for quanti-

tative assessment of bioluminescence resonance energy transfer: application to
seven transmembrane receptors oligomerization. Front Endocrin (2012) 3:104.
doi:10.3389/fendo.2012.00104

2. Xu Y, Piston DW, Johnson CH. A bioluminescence resonance energy transfer
(BRET) system: application to interacting circadian clock proteins. Proc Natl
Acad Sci U S A (1999) 96:151–6. doi:10.1073/pnas.96.1.151

3. De A, Jasani A, Arora R, Gambhir SS. Evolution of BRET biosensors from live
cell to tissue-scale in vivo imaging. Front Endocrinol (2013) 4:131. doi:10.3389/
fendo.2013.00131

4. Felce JH, Davis SJ. Unraveling receptor stoichiometry using BRET. Front
Endocrin (2012) 3:86. doi:10.3389/fendo.2012.00086

5. Roed SN, Orgaard A, Jorgensen R, Meyts PD. Receptor oligomerization in fam-
ily B1 of G-protein-coupled receptors: focus on BRET investigations and the
link between GPCR oligomerization and binding cooperativity. Front Endocrin
(2012) 3:62. doi:10.3389/fendo.2012.00062

6. Johnstone EKM, Pfleger KDG. Receptor-Heteromer Investigation Technology
and its application using BRET. Front Endocrin (2012) 3:101. doi:10.3389/fendo.
2012.00101

7. Cottet M, Faklaris O, Maurel D, Scholler P, Doumazane E, Trinquet E, et al. BRET
and time-resolved FRET strategy to study GPCR oligomerization: from cell lines
toward native tissues. Front Endocrin (2012) 3:92. doi:10.3389/fendo.2012.00092

8. Couturier C, Jockers R. Activation of leptin receptor by a ligand-induced
conformational change of constitutive receptor dimers. J Biol Chem (2003)
278:26604–11. doi:10.1074/jbc.M302002200

9. Mercier JF, Salahpour A, Angers S, Breit A, Bouvier M. Quantitative assessment
of beta 1 and beta 2-adrenergic receptor homo and hetero-dimerization by
bioluminescence resonance energy transfer. J Biol Chem (2002) 277:44925–31.
doi:10.1074/jbc.M205767200

10. Ayoub MA, Pin J-P. Interaction of protease-activated receptor 2 with G proteins
and β-arrestin 1 studied by bioluminescence resonance energy transfer. Front
Endocrinol (2013) 4:196. doi:10.3389/fendo.2013.00196

11. Ayoub MA,Al-Senaidy A, Pin J-P. Receptor-G protein interaction studied by bio-
luminescence resonance energy transfer: lessons from protease-activated recep-
tor 1. Front Endocrin (2012) 3:82. doi:10.3389/fendo.2012.00082

12. Siddiqui S, Cong WN, Daimon CM, Martin B, Maudsley S. BRET biosensor
analysis of receptor tyrosine kinase functionality. Front Endocrinol (2013) 4:46.
doi:10.3389/fendo.2013.00046

13. Salahpour A, Espinoza S, Masri B, Lam V, Barak LS, Gainetdinov RR. BRET
biosensors to study GPCR biology, pharmacology, and signal transduction. Front
Endocrin (2012) 3:105. doi:10.3389/fendo.2012.00105

14. Couturier C, Deprez B. Setting up a bioluminescence resonance energy trans-
fer high throughput screening assay to search for protein/protein interaction
inhibitors in mammalian cells. Front Endocrin (2012) 3:100. doi:10.3389/fendo.
2012.00100

Received: 08 January 2014; accepted: 08 January 2014; published online: 22 January
2014.
Citation: Jockers R (2014) Comment on “The use of BRET to study receptor-protein
interactions”. Front. Endocrinol. 5:3. doi: 10.3389/fendo.2014.00003
This article was submitted to Molecular and Structural Endocrinology, a section of the
journal Frontiers in Endocrinology.
Copyright © 2014 Jockers. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (CC BY). The use, distribution or repro-
duction in other forums is permitted, provided the original author(s) or licensor are
credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.

Frontiers in Endocrinology | Molecular and Structural Endocrinology January 2014 | Volume 5 | Article 3 | 2

http://dx.doi.org/10.3389/fendo.2012.00104
http://dx.doi.org/10.1073/pnas.96.1.151
http://dx.doi.org/10.3389/fendo.2013.00131
http://dx.doi.org/10.3389/fendo.2013.00131
http://dx.doi.org/10.3389/fendo.2012.00086
http://dx.doi.org/10.3389/fendo.2012.00062
http://dx.doi.org/10.3389/fendo.2012.00101
http://dx.doi.org/10.3389/fendo.2012.00101
http://dx.doi.org/10.3389/fendo.2012.00092
http://dx.doi.org/10.1074/jbc.M302002200
http://dx.doi.org/10.1074/jbc.M205767200
http://dx.doi.org/10.3389/fendo.2013.00196
http://dx.doi.org/10.3389/fendo.2012.00082
http://dx.doi.org/10.3389/fendo.2013.00046
http://dx.doi.org/10.3389/fendo.2012.00105
http://dx.doi.org/10.3389/fendo.2012.00100
http://dx.doi.org/10.3389/fendo.2012.00100
http://dx.doi.org/10.3389/fendo.2014.00003
http://creativecommons.org/licenses/by/3.0/
http://www.frontiersin.org/Molecular_and_Structural_Endocrinology
http://www.frontiersin.org/Molecular_and_Structural_Endocrinology/archive

	Comment on "The use of BRET to study receptor-protein interactions"
	Acknowledgments
	References


