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A taste of the early steps in BAX
activation with FLAMBE
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The activation of BAX through intricate intramolecular changes is critical for apoptosis. In this issue of Cell
Reports Methods, Gelles et al. report engineering FLAMBE, an elegant fluorescence polarization ligand assay
for monitoring the early activation of monomeric BAX via real-time release of a peptide probe, expanding the
repertoire of BAX activation assays to the single-molecule level.

The intrinsic pathway of apoptosisis crucial
for embryonic development, tissue
homeostasis, and cellular response to irre-
versible perturbations that converge to the
effector protein BAX, amember of the BCL-
2 family of proteins. In most cells, BAX is
found at the cytosol in an inactive state
and mustundergo conformational changes
to initiate activation and promote its trans-
location and integration into the outer mito-
chondrial membrane (OMM) (Chipuk and
Green, 2008; Gavathiotis et al., 2008; Hsu
and Youle, 1997). In response to intrinsic
cellular stressors or developmental signals,
BAX is activated by BH3-only direct acti-
vator proteins such as BID or BIM at a site
located at the N-terminal surface formed
by the a1 and a6 sites (Gavathiotis et al.,
2008). This initial trigger at the N-terminal
surface of BAX is followed by several
structural changes including displacement
of the ol1-02 loop, exposure of key
BH3 domain residues and the 6A7 epitope,
and mobilization of «9 helix from its
own hydrophobic binding  groove,
which promotes translocation and integra-
tion into the OMM. These structural
changes promote BAX multimerization via
a6 and assembly of an oligomeric pore,
leading to the release of apoptosis-
inducing factors (Dewson et al., 2009).
Thus, the ability to detect early BAX activa-
tion is essential to capture cellular events
that are engaged prior to pore formation
and homeostatic responses when BAX un-
dergoes early conformational changes that
do not result in mitochondrial membrane
permeabilization.
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Commonly used approaches to detect
BAX activation take advantage of isolated
mitochondrial systems and biochemically
defined liposomes (Renault et al., 2013).
These methods reveal the downstream
events that follow BAX activation, such as
mitochondrial pore formation and cyto-
chrome c release. Conformation-specific
antibodies such as the 6A7 and the BH3
antibodies, which detect the exposure of
the N-terminal motif (residues 13-19 at
the start of a1) and BH3 domain (residues
41-76), respectively, have been useful
to detect these early structural changes
by immunocytochemistry, flow cytometry,
and immunoprecipitation analysis (Chipuk
and Green, 2008; Gavathiotis et al., 2008;
Hsu and Youle, 1997). There are however
some limitations of this approach in high-
throughput real-time experiments. Thus,
there is a critical need for an assay that ex-
amines the intramolecular conformational
changes of BAX as it transitions from a
cytosolic, inactive monomer to a mem-
brane-associated, pore-forming oligomer.
Gelles et al. (2022) introduce a fluores-
cence polarization ligand assay called
FLAMBE for monitoring BAX early activa-
tion. Fluorescence polarization is a sensi-
tive and powerful technique used tradition-
ally to study molecular interactions in
solution (Moerke, 2009). The principle of
this non-radioactive approach centers on
a fluorescently labeled small molecule,
BAKTAMPA that when is free in solution, ro-
tates rapidly. Upon excitation by polarized
light, the emitted light will be largely depo-
larized light. When this fluorescent small

molecule is bound to a bigger molecule,
such as BAX, the rotational movement of
the fluorophore becomes slower due to
the significantly reduced rotational speed
of the complex. Thus, the emitted light
will remain polarized (Figure 1). The binding
of a fluorescently labeled small molecule to
a protein can be monitored by the change
in polarization from low to high. Upon BAX
activation, which results in structural rear-
rangement and multimerization, displace-
ment of the BAK™MPA probe would be
detected as a concomitant decrease in po-
larization. FLAMBE detects intramolecular
structural modifications that monomeric
BAX undergoes in response to activators,
prior to the large-scale structural changes
that trigger its oligomerization followed by
permeabilization of the OMM.

As proof of principle, Gelles et al. (2022)
interrogate various methods such as the
use of detergents, BH3 peptides, and
small molecules that have been previously
shown to induce BAX activation (Hsu and
Youle, 1997; Montero and Letai, 2016;
Niu et al., 2017). At low concentrations
of the detergent octyl-B-glucoside (OG),
active BAX monomers were detected,
demonstrating the sensitivity of this tool.
Then, using the BIMB"® peptide, a dose-
dependent displacement of BAK™MRA
was detected demonstrating the expected
functional BAX activation. Even at low con-
centrations of BIMB™, an increase in po-
larization was detected representing the
non-triggering BIM binding previously
described (Tsai et al., 2015). Experiments
exposing BIMB"3-treated BAX to large
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Figure 1. An overview of FLAMBE

(A) FLAMBE is a polarization ligand assay used to examine the early activation of BAX via the release of
fluorescently labeled small molecule, BAKTAMRA. Binding of BAKTAMRA to BAX can be monitored by the
change in polarization from low to high, allowing for the real-time monitoring of BAX binding, dissociation,

and activation of BAX.

(B and C) Activation of BAX was achieved using both (B) detergents and (C) BH3 peptides.
(D) BAX functionalization was tested using large unilamellar vesicles (LUVs).
(E and F) The efficacy of FLAMBE in detecting early activation of BAX was validated via the use of (E) BAX

mutants and (F) small molecules.
Created with Biorender (https://biorender.com/).

unilamellar vesicles (LUVs) highlighted
FLAMBE's capability to distinctively detect
the kinetics of triggered (conformationally
active) and functionalized (pore-forming)
BAX. Insightful experiments with function-
ally impaired BAX mutants demonstrated
the presence of quasi-functional mono-
mers that remained responsive to oligo-
merization upon treatment with OG,
cautioning about the use of detergents
to infer structural changes during BAX
activation. Additionally, the use of several
BAX mutants in the FLAMBE/LUVs exper-
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imental paradigm revealed unforeseen
structural changes in BAX that can be
further investigated in future studies.
Small molecules that alter BAX activity
are of significant interest as they may
serve as pharmaceutical interventions to
modulate apoptosis during tumorigenesis
or neurodegeneration. Using FLAMBE,
the authors found that the potent BAX in-
hibitor, BAI1, did not affect triggering or
dissociation of BAK™MRA  gyggesting
that its potent inhibition activity is due to
its interference with later steps of BAX

activation. This plethora of experiments
place FLAMBE as a critical tool not only
to gain insights into structural changes
induced by bona fide BAX interactors
but also to probe for the mode of action
of candidate small molecules associating
with monomeric BAX. Potential applica-
tions of the FLAMBE approach could be
expanded by incorporating BAX-contain-
ing mutations found in tumor cells (Den-
gler et al., 2021), providing a platform to
test novel compounds that could target
BAX therapeutically in these cells.

While fluorescent polarization assays
as presented by Gelles et al. (2022) are
powerful tools to study the kinetic activa-
tion of BAX, future iterations of FLAMBE
could be optimized to include either cell
lysates or membranes to study whether
different lipids and/or lipid combinations
can engage BAX activation in a BH3-
dependent or -independent manner. Ulti-
mately, apart from being central to the
commitment to apoptosis in response to
cellular stresses, BAX activation is also
essential for developmental processes
such as epithelial to mesenchymal transi-
tions and inflammation. The described
approach will help further understand
the inter- and intramolecular mechanisms
guiding the highly coordinated BCL-2
family protein-protein interactions and
will help set the stage to reveal how
apoptotic signaling underlie human devel-
opment and disease.
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