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Abstract

The BCL-2 (B cell CLL/Lymphoma) family is comprised of approximately twenty proteins that collaborate to either maintain cell survival or initiate
apoptosis1. Following cellular stress (e.g., DNA damage), the pro-apoptotic BCL-2 family effectors BAK (BCL-2 antagonistic killer 1) and/or BAX
(BCL-2 associated X protein) become activated and compromise the integrity of the outer mitochondrial membrane (OMM), though the process
referred to as mitochondrial outer membrane permeabilization (MOMP)1. After MOMP occurs, pro-apoptotic proteins (e.g., cytochrome c) gain
access to the cytoplasm, promote caspase activation, and apoptosis rapidly ensues2.

In order for BAK/BAX to induce MOMP, they require transient interactions with members of another pro-apoptotic subset of the BCL-2
family, the BCL-2 homology domain 3 (BH3)-only proteins, such as BID (BH3-interacting domain agonist)3-6. Anti-apoptotic BCL-2 family
proteins (e.g., BCL-2 related gene, long isoform, BCL-xL; myeloid cell leukemia 1, MCL-1) regulate cellular survival by tightly controlling the
interactions between BAK/BAX and the BH3-only proteins capable of directly inducing BAK/BAX activation7,8. In addition, anti-apoptotic BCL-2
protein availability is also dictated by sensitizer/de-repressor BH3-only proteins, such as BAD (BCL-2 antagonist of cell death) or PUMA (p53
upregulated modulator of apoptosis), which bind and inhibit anti-apoptotic members7,9. As most of the anti-apoptotic BCL-2 repertoire is localized
to the OMM, the cellular decision to maintain survival or induce MOMP is dictated by multiple BCL-2 family interactions at this membrane.

Large unilamellar vesicles (LUVs) are a biochemical model to explore relationships between BCL-2 family interactions and membrane
permeabilization10. LUVs are comprised of defined lipids that are assembled in ratios identified in lipid composition studies from solvent extracted
Xenopus mitochondria (46.5% phosphatidylcholine, 28.5% phosphatidylethanoloamine, 9% phosphatidylinositol, 9% phosphatidylserine, and
7% cardiolipin)10. This is a convenient model system to directly explore BCL-2 family function because the protein and lipid components are
completely defined and tractable, which is not always the case with primary mitochondria. While cardiolipin is not usually this high throughout
the OMM, this model does faithfully mimic the OMM to promote BCL-2 family function. Furthermore, a more recent modification of the above
protocol allows for kinetic analyses of protein interactions and real-time measurements of membrane permeabilization, which is based on LUVs
containing a polyanionic dye (ANTS: 8-aminonaphthalene-1,3,6-trisulfonic acid) and cationic quencher (DPX: p-xylene-bis-pyridinium bromide)11.
As the LUVs permeabilize, ANTS and DPX diffuse apart, and a gain in fluorescence is detected. Here, commonly used recombinant BCL-2
family protein combinations and controls using the LUVs containing ANTS/DPX are described.

Video Link

The video component of this article can be found at https://www.jove.com/video/4291/

Protocol

1. Combine Lipids and Create a Lipid Film

1. Working in a fume hood with minimal lighting, chloroform-solubilized lipids are combined into a 1.5 ml amber glass vial using a chloroform-
rinsed Hamilton gas-tight glass syringe. This combination will yield approximately 4 mg of lipid (Figure 1A).

• Cardiolipin 10 mg/ml (CL) - 63 μl
• Phosphatidylcholine 10 mg/ml (PC) - 84 μl
• Phosphatidylethanoloamine 10 mg/ml (PE) - 125 μl
• Phosphatidylinositol 10 mg/ml (PI) - 59.5 μl
• Phosphatidylserine 10 mg/ml (PS) - 65 μl

2. To remove the chloroform, apply a gentle stream of an inert gas (e.g., nitrogen or argon) into the vial. A lipid film will become visible on the
bottom and sides of the vial when dry, which typically takes 2 - 3 hours (Figure 1A).
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2. Prepare Liposome Solution

1. In 1.7 ml microcentrifuge tubes, prepare 500 μl of 12.5 mM ANTS in LUV buffer (0.2 mM EDTA, 10 mM HEPES [pH 7], 200 mM KCl, 5 mM
MgCl2 ) and 500 μl of 45 mM DPX in LUV buffer (Figure 1B).

2. Combine the ANTS and DPX solutions, vortex for 1 min, and sonicate for 1 min at room temperature. Sonication is done in an ultrasonic
water bath (e.g., Branson 3510MTH, no setting, just 'on'). This ensures the solutions are entirely solubilized and homogeneous.

3. Add the ANTS/DPX solution to the lipid film, and seal the vial with parafilm (Figure 1B).
4. Sonicate the lipid film in the above water bath for 5 min. The solution will appear milky after sonication. Ensure the lipid film is completely

solubilized as small lipid aggregates will negatively impact on proceeding steps. Also, check the vial's sides and bottom to ensure there is no
remaining lipid film (Figure 1B).

3. Extrusion and Purification of Liposomes

1. Assemble the extruder according to the manufacturer's guidelines using LUV buffer to moisten the filter supports and polycarbonate
membrane. Tighten the unit's casing so that there will be no loss of volume during the extrusion, but not overly tight as to rupture the
membrane. It's also wise to test the extruder with LUV buffer to ensure there are no leaks or problems.

2. Start with the lipid solution in the right syringe, extrude the lipid solution 31 times, and the LUVs will finish in the left syringe; this ensures
all the lipids have passed through the membrane at least once. The first few times may required a little more pressure to pass through the
membrane. If the solution suddenly passes through the membrane quickly, check the membrane for rupture and replace, if necessary (Figure
1C).

3. Set-up a 10 ml Sepharose S-500 gravity flow column (1.0 cm x 20 cm, 10 ml bead volume). Wash with 3 column volumes of LUV buffer, allow
the column flow to stop, and cap. Since this step takes a while, it is preferred to start the washing when the lipids are combined to dry. Just
keep the column capped until you are ready to use it.

4. Add the extruded LUVs to the column in one step, avoid disrupting the bead interface. Allow the buffer to run out of the column, the flow will
stop, and plug. Gently fill the column with LUV buffer. Again, use caution when adding buffer so that the beads are not disturbed (Figure 1C).

5. Remove the plug and collect 6 x 1 ml fractions. The LUVs normally elute in fractions 3 and 4, and can be identified by a cloudy appearance.
Once the fractions are collected, wash the column with 5 volumes of water, and 2 volumes of 20% ethanol. Store the column at 4 °C (Figure
1C).

6. Store the fractions at 4 °C in the dark until tested.

4. Test Column Fractions

1. The column fractions are now tested for fluorescence comparing LUV buffer and LUV buffer supplemented with 0.5% CHAPS. Fractions that
increase in fluorescence due to the presence CHAPS contain LUVs. Pipette 100 μl of LUV buffer or LUV buffer + 0.5% CHAPS into six wells
each, and add 5 μl of the appropriate fraction, mix. Use opaque, black, untreated, 96 well plates for all LUV studies (Figure 1D).

2. Read the plate at 37 °C with the following parameters: Excitation wavelength: 355 nm; Emission wavelength: 520 nm; Gain (voltage): 125;
Optics position: Top; Read height: 5.5 mm. This set-up is for the BioTek H1 Synergy using Gen 5 2.0 software (Figure 1D).

3. Fractions 3 and 4 generally show a 5 - 10 fold increase in fluorescence. Once analyzed, combine the LUV-containing fractions and store at 4
°C in the dark; approximately 2 ml of ~ 2 mM lipid will be purified (Figure 1D).

5. BCL-2 Family Studies Using LUVs

1. BCL-2 proteins are tested for their ability to directly induce LUV permeabilization, and for the regulation of permeabilization activity. LUV
assays are normally performed in 100 μl volumes, at 37 °C, and can be analyzed as either a single time point after 30 - 60 min (Figures 2A-
C, 3A-B), or via kinetic studies every 1 - 2 min for up to 1 hr (Figure 2D). A representative assay design describing components, stock/final
concentrations, and order of addition, is provided (Table 1). It is also advisable to have the microplate reader gently shake the plate prior to
each reading. The first few min often give sporadic readings (likely due to temperature changes, mixing, etc...), so we generally consider data
points after 2 - 3 readings in a kinetic study. It is also not uncommon to generate large error bars for some of the conditions due to variability
in LUV batches, and the efficiency of protein interactions at borderline concentrations of activation or inhibition.

2. BCL-2 family protein stocks should be diluted into LUV buffer at a concentration of 100x, and necessary titrations of BAX, BID, and all other
proteins are performed to find the lowest concentrations necessary to detect minimal BAX-dependent LUV permeabilization in the absence
of BID, and significant synergy between BAX and BID. Furthermore, all other proteins require titrations to reduce protein waste, and minimize
the concentrations of subsequent protein additions.

6. Representative Results

There are a myriad of options to witness and examine BCL-2 family dependent regulation of LUV permeabilization. To generate a LUV
permeabilization positive control, we use detergent-activated BAX12. The detergent, n-octyl-β-D-glucoside (OG), artificially triggers BAX
activation (for 100 μl of 2.3 μM OG-BAX: 5 μg BAX + 0.7% OG in LUV buffer, incubate for 60 min at 4 °C, aliquot and store at -80 °C), and
therefore OG-BAX (10 - 100 nM) can be used as a reliable positive control. Of note, OG concentrations below 0.025% do not directly affect LUV
permeabilization. A 0.5% CHAPS treatment is used to determine the maximum amount of LUV fluorescence per assay, and this value sets the
100% value. All treatments should be set-up in triplicate. An example LUV control assay set-up is shown in Table 1, and corresponding data are
presented in Figure 2A.

A necessary starting point for studying LUV permeabilization with BCL-2 family proteins is to establish the concentrations of BAX and BID to
promote optimal release. As individual protein preparations will demonstrate different background permeabilization activities, it is advisable to
titrate before setting up more sophisticated analyses. BAX (50 - 200 nM) and BID (0 - 10 nM) must be titrated for minimal background release,
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and optimal synergy, as shown in Figures 2B-C, respectively. Various forms of BID protein can be purchased from R&D Systems; alternatively,
the BID BH3 domain peptide is available from Anaspec. There is no commercial form of BAX that is appropriate for LUV assays, therefore it must
be expressed and purified using published methods3,13.

Once BAX and BID concentrations and synergy are established, a common assay is to determine the influence of anti-apoptotic proteins on BAX
and BID-dependent LUV permeabilization. BCL-xL is an anti-apoptotic BCL-2 member that is commercially available, and in a dose-dependent
manner, inhibits the activity of BAX and BID usually in the range of 5 - 10 fold molar excess of BAX or BID (Figure 3A). This inhibitory effect
can be reversed by the addition of subsequent BH3-only proteins (2 - 5 fold molar excess to BCL-xL) or BH3 domain peptides (5 - 10 fold molar
excess to BCL-xL), which bind to BCL-xL, thus allowing for BAX and BID to synergize and permeabilize the LUVs (Figure 3B). In Figure 3B,
we show the effect of full-length recombinant human PUMAβ, and the PUMA BH3 domain peptide is functionally similar (data not shown)8. This
experiment is commonly referred to as a 'de-repression assay', as the PUMA protein relieves the inhibitory effect of BCL-xL on BAX and BID.
Ideally, the de-repressing BH3-only protein/peptide addition should have minimal effects on BAX activation14.

 

Figure 1. (A) Chloroform solubilized lipids are combined, dried to create a lipid film, and capped. (B) ANTS and DPX solutions are prepared,
combined, and sonicated to ensure complete solubilization and homogenization. The solution is added to the lipid film, the vial is sealed with
parafilm, and sonicated for 5 min in a water bath. The solution will now appear milky. (C) The sonicated lipid solution is loaded into the mini-
extruder, processed 31 times, and added to a prepared Sepharose S-500 column for subsequent purification. (D) Fractions obtained after size
exclusion chromatography are analyzed by comparing the relative fluorescent units (RFUs) in LUV buffer and LUV buffer + 0.5% CHAPS. The
"LUV buffer" reading indicates background fluorescence with intact LUVs; the "LUV buffer + 0.5% CHAPS" condition will show lysis induced
gain of fluorescence, indicative of LUVs. Fractions 3 and 4 usually contain the LUVs, and are combined after analysis. Fractions 5 and 6 contain
unincorporated ANTS (i.e., not within the LUVs following extrusion), which show high fluorescence independent of CHAPS.  Click here to view
larger figure.

https://www.jove.com
https://www.jove.com
https://www.jove.com
http://www.jove.com/files/ftp_upload/4291/4291fig1large.jpg
http://www.jove.com/files/ftp_upload/4291/4291fig1large.jpg


Journal of Visualized Experiments www.jove.com

Copyright © 2012  Journal of Visualized Experiments October 2012 |  68  | e4291 | Page 4 of 6

 

Figure 2. BCL-2 family control experiments and BAX/BID titrations using LUVs. (A) Control experiments. LUVs were treated with LUV buffer
alone, 0.025% octylglucoside "OG", 50 nM BAX, or 50 nM OG-BAX. LUVs were incubated for 60 min at 37 °C. The percent (%) permeabilization
is determined by subtracting the fluorescence in the buffer treatment from all the samples, 100% permeabilization is determined by a 0.5%
CHAPS solubilized sample; divide the experimental values by the CHAPS value to obtain % LUV permeabilization. OG-BAX is detergent-
activated BAX, which is a reliable positive control for LUV permeabilization. (B) Determine the optimal BAX concentration. LUVs were treated
with increasing concentrations of BAX (50 - 200 nM) in the presence of 10 nM C8-BID "BID", or buffer alone. (C) Determine the optimal BID
concentration. LUVs were treated with increasing concentrations of BID (0 - 10 nM) in the presence of 100 nM BAX. (D) An example of a LUV
permeabilization kinetic dataset. LUVs were treated with BAX (100 nM) ± BID (10 nM). Readings were performed every two min for 30 min,
with two sec of mild plate shaking prior to each read. The first three readings (0, 2, & 4 min) are not included in the graph. The minimum and
maximum relative fluorescent units (RFU) were determined as described in section 4.3. The error bars in Figures 2A-C represent the standard
deviation from triplicate data. Data in 2D represent a duplicate assay.
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Figure 3. Examples of common BCL-2 family interactions explored using LUVs. (A) BAX and BID mediated LUV permeabilization is inhibited by
BCL-xL. LUVs were incubated with 100 nM BAX, 10 nM BID, and increasing concentrations of BCL-xL (0 - 500 nM). LUVs were incubated for
60 min at 37 °C. (B) PUMA de-represses BCL-xL to promote BAX and BID function. LUVs were incubated with combinations of 100 nM BAX, 10
nM BID, 500 nM BCL-xL, and (0 - 2.5 μM) PUMA for 60 min at 37 °C. PUMA was used at 2.5 μM with BAX alone. The error bars represent the
standard deviation from triplicate data.

Order of
addition:

1 2 3 4 5 6  

CONDITIONS LUV
 

Buffer
OG
 

(0.7%)
BAX
 

(2.3 μM)
OG-BAX
 

(2.3 μM)
CHAPS
 

(10%)
LUVs
 

(2 mM)
TOTAL

Buffer 95 μl     5 μl 100 μl

OG (0.015%) 92.83 μl 2.17 μl    5 μl 100 μl

BAX (50 nM) 92.83 μl - 2.17 μl   5 μl 100 μl

OG-BAX (50
nM)

92.83 μl   2.17 μl  5 μl 100 μl

CHAPS (0.5%) 90 μl    5 μl 5 μl 100 μl

Table 1.  A control assay example to determine the effect of OG-BAX on LUV permeabilization.

Discussion

The described method for generating LUVs enables a rapid and efficient means to test the function of various BCL-2 family proteins, peptides,
and related reagents in a biochemically-defined membrane environment similar to the OMM. If using end point values to determine LUV
permeabilization, multiple plates can be set-up to analyze hundreds of conditions within a single day. We find that the limiting reagents in these
assays tend to be the quality and quantity of recombinant proteins, so dedicating sufficient time and resources to protein purification will enable
reproducible LUV assay results.

In our experience, when LUVs are stored at 4 °C in the dark, they generally respond to BAX and BID for up to two weeks. However, recombinant
BCL-2 proteins are more labile and susceptible to marked changes in activity following multiple freeze/thaws. We advise to keep protein stocks
at the highest concentrations possible, in small aliquots at -80°C, and to dilute proteins just prior to using. Doing so will greatly increase the
efficiency of the proteins and decrease sporadic results. Ensure that air bubbles are not present in the assay wells as they lead to erroneous
plate readings. Also, detergents can likely influence the conformations of numerous BCL-2 proteins and LUV integrity, so use caution to avoid
any potential contaminations12.

Numerous questions remain regarding the BCL-2 family and their interacting proteins1, which can be directly addressed with this model system.
In addition, the influence on membrane permeabilization of small molecule regulators targeting both the BCL-2 family and the BCL-2 family
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interactome can also be examined. The LUVs created using this protocol can be modified in both composition (i.e., changing lipids) and size (i.e.,
changing extrusion membrane pore size) to evaluate their influences on BCL-2 family function and membrane permeabilization. As an aside, we
generally use lipids from natural sources when economical.

Finally, while we focused on examining fundamental BCL-2 family interactions and functions using LUVs, this model system can be applied to
study any class of proteins that directly regulate membrane shape and integrity, such as DRP-1 and colicins, respectively.
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