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    Chapter 8   

 Rapid Detection of Dynamic PTEN Regulation 
in Living Cells Using Intramolecular BRET                     

     Stanislas     Misticone    ,     Evelyne     Lima-Fernandes    , and     Mark     G.H.     Scott      

  Abstract 

   Tumor suppressor PTEN phosphatase acts to inhibit the PI3K/AKT pathway and thus regulates cell 
proliferation, survival, and migration. Dysregulation of PTEN function is observed in a wide range of 
cancers. In addition to alterations of the  PTEN  gene, repression of PTEN function can also occur at the 
protein level through changes in PTEN conformation, localization, activity, and stability. The ability to 
follow switches in PTEN conformation in live cells provides a rapid approach to study changes in PTEN 
function and may provide a basis to screen pharmacological agents aimed at enhancing or reestablishing 
PTEN- dependent signaling pathways that have gone awry in cancer. Here, we describe methods to use an 
intramolecular bioluminescent resonance energy transfer (BRET)-based biosensor that reports dynamic 
signal-dependent changes in PTEN conformational rearrangement and function.  

  Key words     PTEN  ,   PI3K/AKT  ,   Tumor suppressor  ,   Phosphatase  ,   Biosensor  ,   Bioluminescence resonance 
energy transfer  ,   Conformational change  ,   Posttranslational modifi cations  

1      Introduction 

 Tumor suppressor PTEN (phosphatase and tensin homolog 
deleted on chromosome ten) is a lipid phosphatase that dephos-
phorylates phosphatidyl (3, 4, 5) trisphosphate and therefore 
negatively regulates the pro-survival oncogenic PI3K/AKT path-
way. In addition to its role in regulation of the PI3K/AKT 
pathway, PTEN also displays lipid phosphatase-independent func-
tions including the inhibition of cell migration, regulation of p53 
levels and activity, and control of genomic stability [ 1 – 4 ]. While 
the  PTEN  gene is often targeted by mutation, PTEN function can 
also be repressed in human cancers at the posttranslational level in 
the absence of any  PTEN  gene alteration [ 5 ]. PTEN is tightly controlled 
by multiple posttranslational modifi cations (including phosphory-
lation, ubiquitination, SUMOylation, and acetylation) and inter-
acting partners that combined regulate PTEN plasticity by 
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impacting conformation, localization, activity, and stability [ 3 ,  6 ,  7 ]. 
Perturbation of these different mechanisms can therefore lead to 
the downregulation of PTEN function in a variety of different ways. 

 PTEN is comprised of a catalytic domain, a C2 domain, and a 
C-terminal tail that contains a key regulatory serine-threonine resi-
due cluster [ 6 ]. Phosphorylation of these residues by casein kinase 
2 (CK2) is thought to promote a “closed” form due to intramo-
lecular interaction of the C-terminal tail with the catalytic and C2 
domains of PTEN. This results in enhanced conformational com-
paction, reduced catalytic activity, and decreased plasma membrane 
targeting [ 8 – 13 ]. Mutation of the serine-threonine residue cluster 
in the C-terminal tail disrupts the intramolecular interaction pro-
moting an “open” form of PTEN that displays enhanced activity 
and plasma membrane targeting. In T-cell acute lymphoblastic leu-
kemia (T-ALL) increased phosphorylation of the serine-threonine 
cluster in the C-terminal tail leads to the inactivation of PTEN, 
resulting in enhanced PI3K/AKT signaling [ 14 ]. Pharmacological 
inhibition of CK2 reestablishes PTEN function and inhibits PI3K/
AKT signaling in T-ALL cells. 

 The capacity to monitor PTEN conformation in a direct, rapid, 
and sensitive manner in live cells is useful to investigate dynamic 
PTEN regulation. Tools enabling this type of approach may also 
help form the basis for drug discovery platforms to identify and 
develop small molecules with the aim of enhancing or reestablish-
ing PTEN-dependent signaling pathways. We recently developed 
an intramolecular bioluminescence resonance energy transfer 
(BRET)-based biosensor that is capable of reporting signal- 
dependent PTEN conformational changes in living cells [ 15 ]. In 
this chapter we provide detailed protocols of how to use the PTEN 
intramolecular BRET-based biosensor and describe different facets 
in which it may be employed to investigate cellular regulation.  

2    Materials 

       1.    Human Embryonic Kidney 293-T (HEK 293 T) cell line.   
   2.    HeLa human cervical cancer cell line.   
   3.    PC-3 human prostate cancer cell line.      

       1.    BRET plasmids: Rluc-PTEN control vector, Rluc-PTEN-YFP 
biosensor, Rluc-PTEN-A4-YFP biosensor with Ser380, 
Thr382, Thr383, and Ser385 phosphorylation sites mutated 
to alanine [ 15 ].   

   2.    Plasmids encoding PTEN regulating proteins: HA- thromboxane 
A2 receptor (TPαR) and Myc-RhoA-Q63L [ 15 ].      

2.1  Cell Lines

2.2  Plasmids
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       1.    Dulbecco’s modifi ed Eagle’s medium (DMEM), 4.5 g/l glu-
cose, 4 mM glutamine, and 1 mM pyruvate, supplemented 
with 10 % (v/v) fetal bovine serum, 100 U/ml penicillin, and 
0.1 mg/ml streptomycin (Life Technologies).   

   2.    Roswell Park Memorial Institute 1640 Medium (RPMI), 
GlutaMAX™, 2 g/l glucose, supplemented with 10 % (v/v) 
fetal bovine serum, 100 U/ml penicillin, and 0.1 mg/ml 
streptomycin (Life Technologies).   

   3.    Trypsin-EDTA (0.05 %) solution.   
   4.    PBS-EDTA solution: Phosphate-buffered saline (PBS; 1×) 

without CaCl 2  and MgCl 2  (Life Technologies) containing 
2 mM EDTA.   

   5.    6- and 12-well plates for cell culture (Falcon, Corning), 96-well 
sterile white microplates (Perkin Elmer).   

   6.    Poly- L -ornithine (1.5 mg/ml in dH 2 O for a 50× stock) used to 
coat 96-white well plates for adherent cell experiments.   

   7.    Transfection reagents: GeneJuice (Novagen), FuGENE HD 
Transfection Reagent (Promega).   

   8.    Chemical reagents: U46619 TPαR agonist (Cayman 
Chemicals), TBB, and CX-4945 CK2 inhibitors (Santa Cruz).      

       1.    Coelenterazine-h (Interchim) is dissolved in 100 % ethanol at 
2 mM (400× stock solution) and stored at −20 °C in opaque 
microcentrifuge tubes ( see   Note 1 ).   

   2.    Hanks’ balanced salt solution (HBSS; 1×) containing CaCl 2  
and MgCl 2  (Life Technologies).   

   3.    DMEM or RPMI without phenol red.   
   4.    PBS (1×) containing CaCl 2  and MgCl 2  (Life Technologies).   
   5.    White 96-well plates (Perkin Elmer OptiplateTM-96HB or 

equivalent) for BRET measurements.   
   6.    Multi-mode microplate reader: Mithras LB 940 (Berthold) or 

equivalent with BRET 1 fi lter sets 480 ± 10 nm and 540 ± 20 nm.       

3    Methods 

   To analyze conformational change of PTEN in live cells, the 
luminescent BRET-donor (Renilla luciferase, Rluc) is fused to the 
amino-terminus of PTEN and the fl uorescent BRET-acceptor 
(yellow fl uorescent protein, YFP) at the carboxy-terminus, using 
standard subcloning procedures, to create an Rluc-PTEN-YFP 
fusion (Fig.  1a  and [ 15 ]). A control vector encoding Rluc-PTEN 
and lacking the acceptor YFP is also used to determine the back-
ground signal (Fig.  1a ). Changes in intramolecular BRET of the 
Rluc-PTEN- YFP biosensor, depending on the relative orientation 

2.3  Cell Culture 
and Transfection

2.4  BRET-Ratio 
Measurements

3.1  Background
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of donor and acceptor proteins in the fusion, allow the detection of 
conformational rearrangement of PTEN in live cells (Fig.  1b ). 
We have previously validated that PTEN within the Rluc-PTEN-
YFP fusion maintains functionality: it displays intact lipid phospha-
tase activity, inhibits cellular pAKT levels, demonstrates expected 
subcellular localization in live cells, and binds known interaction 
partners [ 15 ]. The Rluc-PTEN-YFP system we describe here is a 
BRET1 assay but there are now also new-generation BRET2 and 
BRET3 assays that use modifi ed donor/acceptor pairs ( see   Note 2 ). 
BRET can be performed in a large variety of intact adherent or 
suspension mammalian cell lines. For the PTEN biosensor we have 
tested mouse embryonic fi broblasts, HEK-293 T, HeLa, PC-3, 
MCF-7, and SKBR3 cell lines. The light emitted by the YFP accep-
tor over that emitted by the Rluc donor determines the BRET 
ratio. This is acquired using BRET readers that can perform read-
ings at both wavelengths rapidly and repetitively in wells of 96-well 
plates. Below, we detail protocols to perform experiments and cal-
culate BRET ratios. In addition we provide details on how to 
exploit the biosensor to monitor PTEN conformation change in (1) 
a structure-function mode, (2) experiments using pharmacological 
inhibitors and PTEN modulators, and (3) real-time kinetics.

a

b

  Fig. 1    Schematic representations of the PTEN biosensor. ( a ) Human PTEN is subcloned between Renilla 
luciferase (Rluc) and yellow fl uorescent protein (YFP) to create the genetically encoded Rluc-PTEN-YFP 
conformational biosensor. An Rluc-PTEN control vector is also used to establish the background BRET signal 
in the absence of the energy acceptor YFP. ( b ) The diagram depicts how conformational changes in PTEN may 
induce changes in BRET between Rluc and YFP, although the real orientations of the donor/acceptor pair are 
not known       
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                  1.    24 h prior to transfection cells are seeded into 6- or 12-well 
plates to achieve 50–70 % confl uence on the day of transfec-
tion ( see   Note 3 ). The number of cells seeded per well to 
achieve this will evidently depend on each cell type, based on 
cell size and growth rate—in the case of HEK-293 T we seed 
100–200 × 10 3  cells per well of a 6-well plate in 2 ml of com-
plete DMEM.   

   2.    24 h after seeding the cells are transfected with 100–200 ng of 
Rluc-PTEN-YFP or Rluc-PTEN per well of a 6-well plate using 
either Gene Juice (for HEK 293 T or HeLa cells) or Fugene 
HD (for PC-3, MCF-7, SKBR3, or MEF cells) according to the 
manufacturer’s instructions. Again the amount transfected 
should be determined for each new experimental setup.   

   3.    Poly- L -ornithine is used to coat 96-white well plates for adher-
ent cell experiments ( see   Note 4 ). The plates can be prepared 
in advance and should be incubated for at least 2 h at 
37 °C. Prior to cell seeding the plates are washed once with 
PBS (containing CaCl 2 /MgCl 2 ) or complete medium.   

   4.    24 h post-transfection, cells in each well of the 6-well plate are 
washed with PBS, detached in either trypsin-EDTA or PBS- 
EDTA solution at 37 °C, and resuspended in 2 ml of complete 
medium. The cells are then distributed into the poly- l -
ornithine- coated 96-well plates (100 μl per well) and incu-
bated at 37 °C for a further 24 h.   

   5.    The following day, cells are washed with PBS containing CaCl 2 /
MgCl 2 . The cells are then overlayed with 90 μl of HBSS or serum-
free media without phenol red ( see   Note 5 ) and then 10 μl of a 
freshly prepared solution of 50 μM coelenterazine-h diluted in 
HBSS or serum-free media is added to each well giving a fi nal con-
centration of 5 μM. The samples are then protected from light.   

   6.    After a 3-min incubation at room temperature with coelenter-
azine- h, BRET readings are initiated using a multi-mode 
microplate reader that permits sequential integration of light 
output from Rluc and YFP detected using two fi lter settings 
(480 ± 10 nm and 540 ± 20 nm— see   Note 6 ).      

           1.    Cells are seeded and transfected as described in Subheading  3.2 .   
   2.    24–48 h post-transfection cells are detached from the 6-well 

plates with PBS-EDTA at 37 °C, transferred to a microcentri-
fuge tube, and collected by centrifugation at 300 ×  g  for 5 min 
at room temperature.   

   3.    Cell pellets are resuspended in 500 μl HBSS and 90 μl of 
the cell suspensions are distributed into wells of a white 
96-well plate.   

   4.    As in Subheading  3.2  the BRET measurements are initiated 
after a 3-min incubation with a freshly prepared coelenterazine 
solution.      

3.2  Cell Preparation 
and Basal BRET 
Measurements 
on Adherent Cells

3.3  BRET 
Measurements 
on Cells in Suspension
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   The BRET ratio is calculated as the fl uorescence signal emitted by 
YFP (fi lter 540 ± 20 nm) over the Rluc signal (fi lter 480 ± 10 nm). 
Each well is measured for 1 s for each channel and the data (YFP 
signal, Rluc signal and YFP/Rluc ratio) automatically integrated 
into BRET reader software (Mikrowin). The wells are read multi-
ple times (generally between three and six times) to generate mean 
values and the data is exported to a spreadsheet for analysis. Specifi c 
BRET ratios (=Net BRET) are then calculated by subtracting the 
background BRET value, obtained with Rluc-PTEN control vec-
tor lacking YFP acceptor, from the mean BRET ratios obtained 
with Rluc-PTEN-YFP. Values are then converted into mBRET 
units by multiplying by 1000 to obtain whole numbers, thus cir-
cumventing the need to deal with decimal numbers. A spreadsheet 
with the raw data obtained (Rluc signal, YFP signal, and YFP/Rluc 
BRET ratio) and the subsequent data analysis in an experiment 
performed in PC-3 cells is shown in Fig.  2 .

      As the donor and acceptor molecule are in the same unimolecular 
Rluc-PTEN-YFP fusion, the BRET ratio would be predicted to 
remain stable over a range of different concentrations. An experi-
ment to test this is described below:

    1.    PC-3 cells are seeded and transfected as described in 
Subheading  3.2 . As different amounts of Rluc-PTEN or 
Rluc-PTEN- YFP are transfected in this experiment 
(1–1000 ng) to compare BRET ratios obtained at different 
expression levels, the total amount of DNA transfected should 
be completed with “empty” vector such as pcDNA3.1 to the 
maximal DNA amount.   

   2.    Cells are prepared and BRET measurements initiated as 
described in Subheading  3.3 . BRET ratios obtained can then 
be plotted against Rluc values (light units) obtained to assess 
the signal over a range of concentrations (Fig.  3 ). We have 
found that the BRET ratio remains stable over a 100-fold 
range of Rluc values indicating a constant acceptor-to-donor 
ratio.  See   Note 7  for evaluating biosensor levels compared to 
endogenous PTEN.

          As mentioned in the introduction, phosphorylation of PTEN on its 
C-terminal regulatory cluster (Ser 380, Thr 382, Thr 383, Ser 385) 
promotes a “closed” predominantly cytoplasmic form (Fig.  4a, b ). 
Dephosphorylation of these residues favors an “open” form of 
PTEN that displays increased plasma membrane targeting (Fig.  4a–d ). 
The biosensor can be used in a structure-function mode to deter-
mine whether mutation of amino acids results in conformational 
change. An experiment to test this is described below:

     1.    Cells (HEK-293 T, PC-3, or HeLa) are seeded and transfected 
as described in Subheading  3.2  with either WT Rluc-PTEN- 

3.4  Calculation 
of Basal BRET Ratio 
Obtained 
with the PTEN 
Biosensor

3.5  Measuring BRET 
with Increasing 
Amounts of PTEN 
Biosensor

3.6  Assessing PTEN 
Conformational 
Change in a Structure- 
Function Mode
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  Fig. 2    Calculation of specifi c BRET ratio and mBRET values obtained with the PTEN biosensor in PC-3 cells. 
( a ) Raw BRET data acquisition and analysis. PC-3 cells growing in 6-well plates were transfected with either 
Rluc- PTEN control vector or Rluc-PTEN-YFP (3-wells transfected for each construct). Cells from each transfec-
tion were distributed into four wells of a white 96-well plate and BRET ratios measured four times each for 
each well. For simplicity, only readings from cells from one 6-well for each construct split into four 96-wells 
are shown. Wells A1–D1 represent readings obtained from Rluc-PTEN and wells E1–H1 represent those 
obtained with Rluc-PTEN-YFP. The Rluc values obtained are shown in the Rluc signal rows (Readings 1–4), and 
those for YFP values in the YFP signal rows (Readings 5–8). The BRET values are shown in the BRET ratio rows 
(Readings 9–12). The mean BRET ratio is calculated from rows 9–12 and the background determined from the 
average of these values in wells A1–D1 expressing Rluc-PTEN donor only. Specifi c BRET ratios are then cal-
culated by subtracting the background BRET value from the mean BRET ratios obtained with Rluc-PTEN-YFP 
in wells E1–H1. These values are then multiplied by 1000 to obtain mBRET units to circumvent the need to deal 
with decimal numbers. ( b ) The raw BRET measurements are shown in the  left panel  indicating the background 
BRET obtained with Rluc-PTEN ( white bar ) and the specifi c net BRET obtained with Rluc-PTEN-YFP ( fi lled bar ). 
The  right panel  shows the specifi c mBRET values obtained with Rluc-PTEN-YFP (305 mBRET) with Rluc-PTEN 
being set to 0 mBRET       
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YFP or the mutant PTEN biosensor Rluc-PTEN(A4)-YFP 
that has the phosphorylation cluster serine/threonine residues 
mutated to alanine.   

   2.    24–48 h after transfection, cells are prepared and BRET mea-
surements initiated as described in Subheading  3.3 . BRET 
measurements are shown for HEK cells in Fig.  4e–g . Figure  4e  
shows the mBRET units obtained with the WT and A4 biosen-
sor. There was a marked reduction in the BRET signal obtained 
with the A4 form of PTEN compared to WT PTEN, indicat-
ing conformational change. The data can be expressed as 
∆mBRET versus the WT PTEN biosensor, which is therefore 
set to zero, and the change obtained with the mutant is 
expressed relative to this (Fig.  4f ). The data can also be repre-
sented as %∆mBRET where the change is represented as a 
percentage difference compared to that obtained with WT sig-
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  Fig. 3    Stable intramolecular BRET obtained with increasing amounts of PTEN 
biosensor. PC-3 cells growing in 6-well plates were transfected with increasing 
amounts of either Rluc-PTEN control vector or Rluc-PTEN-YFP (1–1000 ng). 
Twenty-four hours later, cells from each transfection were distributed into four 
wells of a white 96-well plate and BRET ratios measured. The BRET signal is 
constant over a 100-fold range of Rluc light values due to the constant acceptor-
to- donor ratio in the unimolecular biosensor       

Fig. 4 (continued) antibody that recognizes phospho-PTEN (Ser380/Thr382/Thr383) in addition to total PTEN 
expression. ( d ) Live HEK cells expressing WT or A4 forms of PTEN biosensor were directly imaged in IBIDI 
μ-slide multi-well dishes (Biovalley). The  insets  show magnifi ed regions of the  boxed area  and demonstrate 
membrane-targeting of PTEN-A4. Scale bar is 10 μm. ( e ) BRET values obtained with the WT and A4 forms of 
PTEN biosensor in HEK cells, expressed as mBRET. ( f ) The BRET values obtained in ( e ) are expressed as 
∆mBRET to show the shift in BRET compared to WT signal, which is set to zero. ( g ) The BRET values obtained 
in ( e ) can also be expressed as the % change compared to WT signal (∆%mBRET). ( h ) ∆%mBRET change 
obtained with the A4 PTEN biosensor in PC-3 cells. ( i ) ∆%mBRET change obtained with the A4 PTEN biosensor 
in HeLa cells       
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  Fig. 4    Detection of PTEN conformational change in live cells following mutation of key regulatory residues in 
the C-terminal tail. ( a ) Diagram showing key regulatory phosphorylation sites in the C-terminal tail of PTEN at 
Ser380, Thr382, Thr383, and Ser385. The A4 mutant has all of these phosphorylation sites mutated to alanine. 
( b ) Proposed model of the conformational switch that occurs in the A4 form of PTEN. ( c ) A western blot with an 
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nal (Fig.  4g ). Similar data were obtained using PC-3 (Fig.  4h ) 
and HeLa (Fig.  4i ) cells. Following changes in BRET signal, 
secondary tests can be performed to assess potential functional 
changes ( see   Note 8 ). While these functional tests can be 
applied to the structure- function mode they are evidently also 
applicable to the other experimental modes in which the bio-
sensor can be used, described below in Subheadings  3.7 – 3.9 .    

      CK2 overexpression has been documented in different types of 
cancer and CK2 inhibitors have been developed for clinical use 
[ 16 ,  17 ]. CK2 is implicated in the phosphorylation of the 
C-terminal regulatory phosphorylation cluster of PTEN. This 
leads to phospho-dependent inhibition of PTEN and increased 
activation of the PI3K/AKT pathway. CK2 inhibitors have been 
shown to reestablish PTEN signaling and restrain the PI3K/AKT 
pathway. The experiment described below demonstrates how the 
PTEN biosensor can be used to report changes in its phosphoryla-
tion status in the presence of pharmacological inhibitors.

    1.    PC-3 cells are seeded and transfected as described in 
Subheading  3.2 .   

   2.    48 h after transfection cells are treated with the CK2 inhibitors 
tetrabromobenzotriazole (TBB; 50 μM) or CX-4945 (10 μM) 
for 2 h (0.1 % DMSO is used as vehicle control). The cells are 
then prepared for BRET readings as described in either 
Subheading  3.2  or  3.3 . To ensure that pharmacological agents 
do not affect the spectral properties of YFP, raw YFP mea-
surements can be taken in the presence of vehicle or pharma-
cological agent ( see   Note 9 ). In this experiment the PTEN 
phosphorylation status can be assessed in parallel by subse-
quent western blotting using an anti-phospho Ser380/
Thr382/Thr383 antibody (Cell Signaling). Both CK2 inhibi-
tors induce a decrease in BRET signal (Fig.  5 ). The effect was 
more pronounced with CX-4945 and this was associated with 
a greater decrease in phospho Ser380/Thr382/Thr383 com-
pared to that obtained with TBB (Fig.  5 ).

          The biosensor can also be used to test the effect of PTEN regula-
tors on conformation. For this the PTEN partner/regulator is sim-
ply co-expressed with the biosensor. The experiment described 
below uses an active form of RhoA (RhoA-Q63L) known to 
increase PTEN activity.

    1.    HEK 293 T cells are seeded and transfected as described in 
Subheading  3.2  with 5 ng biosensor and either 250 ng empty 
Myc-RK5 vector or Myc-RhoA-Q63L ( see   Note 10  for DNA 
ratios of partner/regulator to biosensor).   

   2.    The cells are then prepared for BRET readings as described in 
Subheading  3.3 . In this experiment the levels of cellular pAKT 

3.7  Assessing PTEN 
Conformational 
Change 
by Pharmacological 
Inhibitors That Impact 
PTEN Phosphorylation

3.8  Assessing PTEN 
Conformational 
Change by Cellular 
PTEN Regulators
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can be assessed in parallel by subsequent western blotting using 
an anti-phospho Ser 473 antibody (Cell Signaling). Active 
RhoA-Q63L induces a decrease in BRET signal and this is 
associated with a decrease in pAKT levels (Fig.  6 ).

           BRET can also be used to follow conformational change of PTEN 
in real time in living cells. For technical reasons the length of these 
experiments when using coelenterazine-h is limited to around 
20 min ( see   Note 11 ). The experiment described below uses the G 
protein-coupled receptor, TPαR, which activates PTEN [ 15 ,  18 ].

3.9  Assessing 
Real-Time Changes 
in PTEN Conformation 
Following Cell Surface 
Receptor Activation
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  Fig. 5    Detection of PTEN conformational change in live cells following pharma-
cological modulation of PTEN regulatory pathways. ( a ) ∆mBRET values obtained 
following a 2-h incubation with the CK2 inhibitors TBB (50 μM) or CX-4945 
(10 μM) versus DMSO vehicle control in PC-3 cells expressing WT PTEN biosen-
sor. ( b ) Western blot showing phosphorylation of the Ser380/Thr382/Thr383 
cluster in the presence of DMSO, TBB, or CX-4945 in PC-3 cells expressing WT 
PTEN biosensor       

  Fig. 6    Detection of signal-dependent PTEN conformational change in live cells. ( a ) 
∆mBRET values obtained with the WT PTEN biosensor in HEK cells transfected 
with either empty vector or Myc-RhoA-Q63L. ( b ) HEK cells transfected with empty 
vector or RhoA-Q63L were assessed for pAKT levels by western blotting       
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    1.    HEK 293 T cells are seeded and transfected as described in 
Subheading  3.2  with 5 ng biosensor and 250 ng of the TPαR. 
 See   Note 10  for DNA ratios of partner/regulator to biosensor.   

   2.    The cells growing in poly- L -ornithine-coated 96-well white 
plates are serum-starved overnight and then the media is 
replaced with 80 μl DMEM without phenol red per well. 10 μl 
of a freshly prepared solution of coelenterazine-h diluted in 
serum-free media is added to each well, and then 10 μl of an 
appropriate intermediate stock solution of U46619 or of 
methyl acetate (vehicle control) is added to each well.   

   3.    BRET readings are then immediately initiated and repeated 
over the course of the experiment to observe the evolution over 
time. The BRET ratios obtained are then plotted against time 
as shown in Fig.  7 .

4            Notes 

     1.    Coelenterazine-h is sensitive to light and undergoes slow 
oxidation. Working solutions are prepared at 50 μM in HBSS 
or in media without phenol red, immediately before perform-
ing experiments. Coelenterazine-h should be protected from 
light during prolonged storage periods by using opaque tubes. 
The experiments described here with the PTEN biosensor in a 
BRET1 assay employed coelenterazine-h as substrate. Other 
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  Fig. 7    Real-time analysis of cell surface receptor-induced PTEN conformational 
change in live cells. Changes in BRET induced by addition of the agonist U46619 
for the TPαR. Cells were co-transfected with TPαR and biosensor, and subse-
quently transferred to poly- L -ornithine-coated plates. BRET readings were 
acquired every minute after addition of 1 μM U46619 or vehicle control (0.03 % 
methyl acetate) over a period of 15 min       
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Rluc substrates are available to obtain either increased lumines-
cence (three- to fi vefold increase in peak signal with ViviRen™ 
from Promega) or extremely stable luminescence over a 24-h 
period (but with 10–25 times lower signal) using EnduRen™ 
(Promega). To reduce degradation rates, both of these sub-
strates carry protecting groups that are cleaved by esterases 
inside cells.   

   2.    Changes in donor and acceptor pairs, as well as different sub-
strates, can be used to generate increased sensitivity BRET1, 
BRET2, or BRET3 assays. BRET 1 is still the most widely 
performed assay using Rluc as the energy donor and the 
enhanced yellow fl uorescent protein (YFP) as acceptor. Rluc 
variants, such as Rluc8, and the YFP variant YPet have been 
developed that demonstrate increased BRET signals using this 
BRET couple compared to the standard Rluc/YFP pair. A 
luciferase subunit (MW: 19 kDa) from the deep sea shrimp 
 Oplophorus gracilirostris  was recently described and developed 
by Promega. This new luciferase, Nanoluc™, uses furimazine 
as substrate and displays around 150-fold greater specifi c activ-
ity than Rluc. The maximal emission peak of Nanoluc™ is 
465 nm and it is therefore compatible as donor in BRET1 
assays. The increased brightness obtained with Nanoluc™ 
allows very low expression levels and it is therefore ideally 
adapted to monitoring protein fusions at “endogenous” cel-
lular levels. BRET2 assays use the substrate coelenterazine 
400a with a modifi ed form of Rluc donor called Rluc2, and 
GFP2, a GFP mutant that can be excited at 400 nm, as the 
energy acceptor. BRET2 provides the advantage of demon-
strating increased spectral resolution between donor and 
acceptor peaks and therefore displays lower background signal. 
Incubation of Rluc2 with coelenterazine 400a causes Rluc2 to 
emit light at 400 nm, promoting the excitation of GFP2, 
which, subsequently, emits light at 510 nm. Filter sets used for 
BRET2 are 400 ± 10 nm and 515 ± 10 nm. BRET3 assays use 
coelenterazine-h with Rluc8 as donor and mOrange (a mutant 
form of DsRed2) as acceptor that can be excited from 514 to 
550 nm and that has maximal emission at 564 nm. This is 
therefore the BRET confi guration that gives the most red-
shifted light output.   

   3.    BRET assays should be performed on “fresh” cells that have 
not been in culture for more than 6 weeks. Routine testing for 
mycoplasma (e.g., MycoAlert™ Mycoplasma Detection Kit, 
Lonza) should also be carried out to ensure that cells are free 
of contamination.   

   4.    Poly- L -ornithine used to coat plates is prepared in 1 ml aliquots 
at a concentration of 1.5 mg/ml (50×) in sterile dH 2 O. Five 
96-well plates can therefore be coated at a time using one 50× 

Probing Dynamic PTEN Regulation in Live Cells



108

aliquot diluted to 1× in dH 2 O (100 μl/well of 30 μg/ml poly-
 L -ornithine) and the plates can be kept at 37 °C for up to a 
week before use. Prior to cell seeding, the poly-L   - ornithine is 
removed, wells washed once in PBS (containing CaCl 2 /
MgCl 2 ) or complete medium, which is then also removed, and 
the wells left to air-dry under the hood.   

   5.    When performing BRET on attached cells, the media should be 
removed by washing once with PBS (containing CaCl 2 /MgCl 2 ) 
to remove phenol red, as this quenches luciferase signal.   

   6.    Previously characterized optimal BRET1 fi lter sets used in the 
experiments described here are 480 ± 10 nm and 540 ± 20 nm, 
which were found to provide enhanced BRET readings com-
pared to 485 + 10 nm and 530 ± 12.5 nm fi lter sets [ 19 ].   

   7.    To measure BRET at “physiological” levels of biosensor 
expression, cells can be transfected with a range of plasmid 
concentrations, subsequently lysed, and assessed by western 
blotting with an anti-PTEN antibody (Cell Signaling or 
Cascade). The level of biosensor can be compared to endoge-
nous PTEN in the same cells or in comparison with a PTEN- 
expressing line if the cells used for the BRET study are 
PTEN- null [ 15 ]. When decreasing the amount of biosensor it 
is important to check that the Rluc and YFP stay in the linear 
range of detection of the BRET reader.   

   8.    Following changes in BRET signal, secondary tests can be per-
formed to assess potential functional changes. The YFP in the 
fusion enables direct visualization of PTEN subcellular local-
ization in live cells using fl uorescence microscopy. We have 
found that setting cells up in parallel in IBIDI μ-slide multi-
well dishes (Biovalley) provides a convenient way to directly 
visualize PTEN under multiple test conditions (Fig.  4d ). 
Following cell lysis, the biosensor can also be immunoprecipi-
tated using an anti-GFP antibody (Roche) and phosphatase 
activity against PI(3,4,5)P3 tested in vitro. The same lysates 
can also be assessed for changes in cellular pAKT levels.   

   9.    Control readings can be performed in experiments using phar-
macological agents to check that raw YFP emissions are not 
altered, which could indirectly affect BRET. This is done sim-
ply by measuring the raw fl uorescence emitted at 535 nm by 
Rluc-PTEN-YFP following external excitation at 485 nm on 
samples exposed to either vehicle or test reagent [ 15 ]. Rluc- 
PTEN is used to assess background fl uorescence from the cells.   

   10.    When assessing the effect of a protein partner/regulator or cell 
surface receptor on PTEN conformation we have found that 
DNA ratios of test protein:biosensor of 10:1 to 50:1 work best 
[ 15 ]. Using this approach we have shown the expression of 
CK2 causes an increase in BRET signal and that expression of 
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β-arrestin 2 promotes a decrease in BRET, as with active RhoA 
[ 15 ]. A subset of partners that bind PTEN via its C- terminal 
PDZ-binding sequence may not lend themselves to this approach 
due to the C-terminal fusion of YFP in the biosensor.   

   11.    As Rluc light output declines with time, kinetic experiments using 
real-time measurements are limited to a time frame of around 
20–25 min. For experiments investigating longer time points 
“reverse kinetics” can be set up, stimulating cells for the longest 
time point fi rst and then working down to t = 0 min, when all time 
points can be measured simultaneously for BRET. Alternatively, 
Enduren™ substrate that provides stable luminescence over long 
time periods ( see   Note 1 ) could be used.         
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