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Abstract

Introduction
Combining BRET and FRET in the Sequential BRET-FRET \(SRET) new technique permits heteromers
formed by three different proteins to be identi�ed. In SRET experiments, the oxidation of a Rluc substrate
triggers acceptor excitation by BRET and subsequent energy transfer to a FRET acceptor. Thus, SRET
requires the co-expression of three fusion proteins, one coupled to Rluc, another conjugated with GFP2 or
YFP, and the third with YFP or DsRed. SRET is an invaluable technique to identify heteromeric complexes
of more than two neurotransmitter receptors, which will enable us to better understand how signals are
integrated at the molecular level.

Reagents
. cDNA for functionally validated fusion proteins in suitable expression vectors. . Suitable cells for
transfection \(e.g., HEK293) . 6-well cell culture plates \(TPP) . Suitable growth medium, such as
Complete Medium \(Dulbecco’s modi�ed Eagle’s medium \(DMEM;Gibco,cat.no.11960-044)
supplemented with 2 mM L-glutamine, 100 U/ml penicillin/streptomycin, and 5% \(v/v) heat inactivated
Foetal Bovine Serum \(FBS) \(all supplements were from Invitrogen, Paisley, Scotland, UK) for HEK293
cells. . Transfection reagent; branched PEI \(PolyEthylenImine, Sigma, Steinheim, Germany) . Protein
quanti�cation reagent; Bradford solution \(Bio Rad, cat.no. 500-0006) . 96-well white microplates for
BRET \(Corning 3600) . 96-well black microplates with transparent bottom for �uorescence detection \
(Corning 3600) . 0.05% trypsin \(Gibco, cat.no. 15400-054) . Assay buffer: Saline buffer \(HBSS)
containing CaCl2.12H2O 0.185 gl-1, KCl 0.370 gl-1, KH2PO4 0.060 gl-1, MgCl.2H2O 0.100 gl-1,
MgSO4.7H2O 0.100 gl-1, NaCl 8.000 gl-1, Na2HPO4.12H2O 0.121 gl-1, HEPES 2,385 gl-1 and D-glucosa
1.000 gl-1. . 500 μM coelenterazine h \(Molecular Proves, cat.no.C-6780) in anhydrous ethanol as
luciferase substrate stock solution \(Panreac 121086.1211). Store at -20oC protected from light. . 1 mM
DeepBlueC \(Perkin Elmer, cat.no.6310-101M) in anhydrous ethanol as luciferase stock solution. Store at
-20oC protected from light.

Equipment
. Multiskan Ascent Photometer \(Thermo Labsystems) . Fluostar Optima Fluorimeter \(BMG
Labtechnologies, Offenburg, Germany) . Mithras LB 940 Luminometer \(Berthold Technologies, DLReady,
Germany)

Procedure
**Preparation** 1. Select the donor, acceptor and substrate combination to perform SRET2 or SRET1
experiments \(i.e, protein-Rluc, protein-GFP2, protein-YFP and DeepBlueC for SRET2 experiments or
protein-Rluc, protein-YFP, protein-DsRed and coelenterazine h for SRET1 experiments) 2. Generate fusion
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constructs in Rluc, GFP2, YFP or DsRed expression vectors consisting of the cDNA for the protein of
interest inserted in-frame with the cDNA for the bioluminescent or �uorescent donor or acceptor molecule.
Remove the stop codon separating the cDNA sequences by mutagenesis so that a single fusion protein is
expressed after transfection. 3. Validate the fusion proteins of interest, including suitable control proteins,
by comparing fusion and wild-type proteins in functional assays. Check that luminescence or
�uorescence is detectable \(represent cDNA transfected versus bioluminescence or �uorescence
detected). If possible, use confocal microscopy to visualize \(by its own �uorescence or using antibodies)
correct cellular localization of fusion protein. 4. Reconstitute and store the luciferase substrate stock
solution containing coelenterazine h or DeepBlueC with anhydrous ethanol. **Cell culture** 5. Aliquot
cells in 6-well cell culture plate in a suitable growth medium. They should be 60-80 % con�uent after 24h.
Maintain at 37oC, 5% CO2. 6. Transfect expression vectors corresponding to the desired fusion proteins
at the suitable ratios using PEI according to the manufacturer’s protocol. Other methods of transfection
may be used as well. 7. i, Around 48 hour after transiently transfection detach the cells and resuspend in
HBSS assay buffer. ii, Wash cells twice with assay buffer for 5 minutes and resuspend in the same buffer.
iii, Using an aliquot, quantify the amount of protein with Bradford solution and dilute cells to maintain the
same amount of protein in each sample. iiii, Aliquot cells into 96-well white and black isoplate \(100 μL
per black well and 90 μL per white well ) **Fluorescence and luminescence detection** 8. Use a
�uorimeter to measure the relative �uorescence from aliquots of each sample \(in 100 μL per well, black
isoplates) by directly exciting the �rst \(BRET) acceptor �uorophore with laser light at a suitable
wavelength \(410 nm for GFP2 or 485 nm for YFP) and detecting the emission \(510 nm for GFP2 or 530
nm for YFP) or directly exciting the second \(FRET) acceptor �uorophore with laser light at a suitable
wavelength \(485 nm for YFP or 544 nm for DsRed) and detecting the emission \(530 nm for YFP or 590
nm for DsRed). Correct the background �uorescence with untransfected cells. 9. Add 10 μL
Coehelenterazine h to aliquots of each sample \(in 90 μL per well, white isoplates) and after 10 min
measure luminescence at 485 nm in a luminometer. Correct the background from untransfected cells. 10.
Fluorescence quanti�cation: YFP �uorescence in SRET2 experiments is de�ned as the signal detected at
530 nm minus the signal for cells expressing protein-Rluc and protein-GFP2. Linear un-mixing was done
taking into account the spectral signature as described previously1. DsRed �uorescence in SRET1
experiments is de�ned as the signal detected at 590 nm minus the signal for cells expressing protein-Rluc
and protein-YFP. **SRET detection** 11. For protein-Rluc/protein-GFP2/protein-YFP transfection, the
SRET2 is measured by adding 10 μL DeepBlueC in each 90 μL white well and immediately detecting
emission at 530 nm and 410 nm using a luminometer. For protein-Rluc/protein-YFP/protein-DsRed
transfection, the SRET1 is measured by adding 10 μL coelenterazine h in each 90 μL white well 1 minute
before detecting the emission at 590 nm and at 485 nm, using a luminometer. 12. Repeat readings within
the timeframe allowed by substrate stability and cell viability. 13. SRET quanti�cation: Net SRET1 is
de�ned as \[\(emission at 590 nm)/\( emission at 485 nm)]-Cf where Cf corresponds to \[\(emission at
590 nm)/\( emission at 485 nm)] for cells expressing protein-Rluc, protein-GFP2 and the other protein
partner not fused to a �uorescence protein. Net SRET2 is de�ned as \[\(emission at 530 nm)/\( emission
at 410 nm)]-Cf where Cf corresponds to \[\(emission at 530 nm)/\( emission at 410 nm)] for cells
expressing protein-Rluc, protein-YFP and the other protein partner not fused to a �uorescence protein
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Timing
3 h sample preparation, 1 h SRET and 2 h analysis

Critical Steps
-The amount of fusion proteins transfected must be near to the physiological range. -Add DeepBlueC
immediately before SRET detection and coelenterazine h just 1 min before SRET detection.

Troubleshooting
1 If cells are dying after transfection refer to citotoxicity of transfection reagent. 2 Fusion proteins: If the
protein ratios are not the required, i. e, if the donor protein expression is hight, then the �uorescence
background will be hight and poor SRET signal will be detected. ii, if there is low donor protein expression,
the acceptor protein will be not conveniently excited. 3 The relative orientation of donor and acceptor can
be unsuitable for SRET.

Anticipated Results
Net SRET2 will be around 0.100-0.150 units and net SRET1 around 0.200-0.400 units depending on the
orientation of the fusion proteins tested.
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Figure 1

Sequential BRET-FRET (SRET) technique. Scheme of SRET2 (a) and SRET1 (b). SRET combines BRET
(BRET2 or BRET1) and FRET involving two energy donors and two acceptors. BRET and FRET techniques
are combined to detect heterotrimers at the membrane level (left in a and b). BRET2 (a) or BRET1 (b)
signal is initiated by, respectively, oxidation of DeepBlueC (a) or coelenterazine h (b) by the Rluc-fused
protein that generates a light emission at the indicated wavelength (blue in a, green in b). The acceptor in
BRET is a GFP2-fused protein (a) or a YFP-fused protein (b) that after excitation results in an emission at
the indicated wavelength (green in a and yellow in b) that excites either a YFP-fused protein (a) or a
DsRed fused protein (b) by a FRET process with concomitant light emission peaking at the indicated
wavelength (yellow in a and red in b). Emission of YFP (a) or DsRed (b) after addition of the Rluc
substrate is only possible if the three fusion proteins are in close proximity (&lt;10 nm) allowing
bioluminescent and �uorescent sequential resonance energy transfer (SRET) to occur. Excitation (top)
and emission (bottom) spectra of fused proteins are depicted in the images in the right. Click
"here":http://protocols.nature.com/image/show/1016 for a larger version of this �gure.


