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SUMMARY: 
Biological membrane fusion is catalyzed by specialized fusion proteins. Measuring the fusogenic properties of proteins can be achieved by lipid mixing assays. We present a method for purifying recombinant Drosophila atlastin, a protein that mediates homotypic fusion of the ER, reconstituting it to preformed liposomes, and testing for fusion capacity. 

ABSTRACT: 
Membrane fusion is a crucial process in the eukaryotic cell. Specialized proteins are necessary to catalyze fusion. Atlastins are endoplasmic reticulum (ER) resident proteins implicated in homotypic fusion of the ER. We detail here a method for purifying a glutathione S-transferase (GST) and poly-histidine tagged Drosophila atlastin by two rounds of affinity chromatography. Studying fusion reactions in vitro requires purified fusion proteins to be inserted into a lipid bilayer. Liposomes are ideal model membranes, as lipid composition and size may be adjusted. To this end, we describe a reconstitution method by detergent removal for Drosophila atlastin into preformed liposomes. While several reconstitution methods are available, reconstitution by detergent removal has several advantages that make it suitable for atlastins and other similar proteins. The advantage of this method includes a high reconstitution yield and correct orientation of the reconstituted protein. This method can be extended to other membrane proteins and for other applications that require proteoliposomes. Additionally, we describe a FRET based lipid mixing assay of proteoliposomes used as a measurement of membrane fusion. 

INTRODUCTION: 
Membrane fusion is a critical process in many biological reactions. Under biological conditions, membrane fusion is not spontaneous and requires specialized fusion proteins to catalyze such reactions1. ER homotypic membrane fusion is mediated in animals by the dynamin related GTPase atlastin2. Atlastin’s role in homotypic fusion is fundamental for three-way junctions in peripheral ER, which constitutes a large interconnected network of tubules that extend throughout the cell. Atlastins have a conserved domain morphology consisting of a large GTPase, a three helix bundle middle domain, a hydrophobic membrane anchor, and a short cytoplasmic C-terminal tail3.  In vitro studies with recombinant Drosophila atlastin have shown that when reconstituted to liposomes, it maintains its fusogenic properties. Other atlastins, including human homologs have not been able to recapitulate fusion in vitro.  We describe here a methodology for purifying a GST and poly-histidine tagged recombinant Drosophila atlastin, reconstituting it to liposomes, and assaying fusion.  

Studying membrane fusion in vitro presents a challenge as fusogenic proteins usually have a membrane anchor. In order to study them, it is necessary to reconstitute them into model lipid bilayers. Large unilamellar vesicles (LUV) are a useful tool to study lipid protein interactions. We present here a system to make LUVs of different lipid compositions for protein reconstitution and fusion assays. Reconstitution of integral proteins into LUVs can be achieved by a variety of methods including, organic solvent-mediated reconstitution, mechanical mechanisms, or detergent assisted reconstitution4. We present here a method for reconstituting Drosophila atlastin into preformed liposomes by detergent removal. Advantages of this reconstitution method include high reconstitution yields and proper orientation of atlastin in the lipid bilayer. Additionally, through this method, the protein is not dried or exposed to organic solvents thereby maintaining structure and function. Among its disadvantages, the presence of detergents may not be ideal for all proteins and the final proteoliposomes may have some incorporated detergent in the lipid bilayer. Further dialysis may be used to eliminate more of the detergent. However, dialysis may take a long time and can therefore lead to loss of protein activity.   

Assessing atlastin’s fusion activity can be determined by lipid mixing assays as previously described2. Here, we delineate a method for measuring atlastin mediated fusion through N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl (NBD)/Lissamine rhodamine-B sulfonyl (rhodamine) labeled lipids. This assay requires fusion of donor (labeled) proteoliposomes and acceptor (unlabeled) proteoliposomes. A FRET release can be measured during the reaction as the  dilution of a donor–acceptor pair from “labeled” liposomes to “unlabeled” liposomes as a result of lipid mixing during membrane fusion (Figure 1)5. While this assay serves as a proxy for membrane fusion, it is limited in distinguishing between membrane fusion and hemifusion, a state where only the outer leaflets mix. To address this issue, an alternative is outer leaflet quenching of NBD by dithionite. Following the same methodology as NBD/rhodamine lipid mixing assays, upon quenching the outer leaflet any NBD FRET release by fusion will be due to inner leaflet mixing8. 

Alternative fusion assays by inner aqueous content mixing address full fusion only5.  Examples of this are terbium (Tb)/dipicolinic acid (DPA) assays and aminonaphthalene trisulfonic acid (ANTS)/p-xylene bis(pyridinium) bromide (DPX) assays. In Tb/DPA assays, a pool of liposomes with encapsulated Tb are mixed and fused with liposomes with encapsulated DPA; upon fusion, fluorescence is increased via internal energy transfer from DPA to Tb within the [Tb(DPA)3]3- chelation complex6. In contrast, for ANTS/DPX assays, ANTS fluorescence is quenched by DPX7. While these systems address inner content mixing, more in-depth preparation of liposomes is required for removal of non-encapsulated reagents, as well as unintended interaction of the fluorophores. 

PROTOCOL:

1. Purification of GST-DAtl-His8 

1.1. Protein expression and lysate preparation

1.1.1. Transform BL21 (DE3) E. coli with the GST-DAtl-His8 construct in pGEX4-T32 and select on an ampicillin plate.

1.1.2. Select a single transformant and inoculate 5 mL of LB + ampicillin (5 µL of 100 mg/mL ampicillin) in a 14 mL culture tube and incubate at 25 °C with shaking at 200 rpm for 6-8 h. 

NOTE: Due to leaky expression, it is not recommended to incubate at higher temperatures. Growth at 25 °C reduces aggregation of protein during this growth period.  

1.1.3. Inoculate 200 mL of LB + ampicillin with 1 mL of the 5 mL culture and incubate overnight (~15-18 h) at 25 °C.

1.1.4. The next morning, harvest the cells by centrifugation (2000 x g for 10 min) and resuspend in 5 mL of LB.

1.1.5. Inoculate 4 L of LB + ampicillin and measure OD600 (0.05 – 0.15). Incubate at 25 °C with shaking.

NOTE: Reserve some media to serve as a blank for the OD600 measurements before adding bacteria.

1.1.6. Measure OD600 every hour until it reaches an OD between 0.4 - 0.5. At this point, reduce the temperature to 16 °C. 

1.1.7. Induce with 0.2 mM IPTG (800 µL of 1 M stock), 10 min after the incubator reaches 16 °C. Incubate overnight (~15-18 h) at 16 °C.

NOTE: The lower temperature improves the yield of functional protein by reducing aggregation of atlastin. 

1.1.8. The next morning, harvest the cells by centrifuging at 7500 x g at 4 °C.

1.1.9. Resuspend the cells in 200 mL of A200 (25 mM HEPES (pH 7.4) and 200 mM KCl). 

1.1.10. Centrifuge the cells at 11,000 x g for 5 min at 4 °C.

1.1.11. Resuspend the pellet in 40 mL of breaking buffer (A200 plus 10% glycerol, 2 mM 2-mercaptoethanol, 4% Triton X-100 (TX100), 40mM imidazole, and one EDTA-free protease inhibitor cocktail tablet).

NOTE: Add TX-100 after resuspending to avoid generating bubbles and foam.  

1.1.12. Pass through an 18 G needle and run the cells through a cell disrupter three times at ~10,000 psi.

1.1.13. Centrifuge the extract at 125,000 x g for 1 h. 

NOTE: Optionally dissolve the pellet 1:2 (w:v) in 8 M Urea and nutate at room temperature overnight. Urea as a denaturant will dissolve slowly any insoluble pelleted protein for SDS-PAGE analysis. Save 1 μL for SDS-PAGE and Coomassie stain analysis. 

1.1.14. Filter the extract through a 0.45 µm cellulose nitrate sterile membrane filter to remove bacteria and large bacterial debris. 

NOTE: Optionally, save 1 μL for SDS PAGE and Coomassie stain analysis.

1.2. Protein purification by affinity chromatography

1.2.1. Load the filtered lysate onto an immobilized metal affinity chromatography (IMAC) resin column charged with Ni2+, pre-equilibrated with low imidazole buffer (A100 plus 10% glycerol, 2 mM 2-mercaptoethanol, 1% TX-100, 40 mM imidazole) at a rate of 1 mL/min at 4 °C.

1.2.2. Wash the column with 25 mL of A100 plus 10% glycerol, 2 mM 2-mercaptoethanol, 0.1% Anapoe X-100, 40 mM imidazole with a rate of 1 mL/min at 4°C. Elute the protein with a 30 mL linear gradient of imidazole from 40 mM to 500 mM, and a final 5 mL wash at 500 mM. 

1.2.3. [bookmark: _Hlk3993202]Pool together peak fractions and incubate for 1 h at 4 °C with swollen GSH-Agarose beads, previously swollen in water and equilibrated in A100 with 10% glycerol, 2 mM 2-mercaptoethanol, 0.1% Anapoe X-100, and 1 mM EDTA. 

NOTE: GSH-Agarose beads can be swollen in 50 mL of water the day before and incubated overnight at 4 °C, or for 1 h at RT. To remove water and equilibration buffer, centrifuge in a swinging bucket rotor at 500 x g for 1 min without brake. Aspirate the supernatant with a 26 G needle. 

1.2.4. Pellet GSH-Agarose beads by centrifuging in a swinging bucket rotor at 500 x g without brake and remove the lysate supernatant by aspiration with a 26 G needle.   

1.2.5. Transfer the beads to a 10 mL polyprep column and wash five times with 5 mL of equilibration buffer (A100 with 10% glycerol, 2 mM 2-mercaptoethanol, 0.1% Anapoe X-100, and 1 mM EDTA) by centrifuging at 500 x g. 

1.2.6. Elute the protein with 1-1.5 mL of equilibration buffer supplemented with 10 mM reduced glutathione. Aliquot eluted protein and flash freeze in liquid nitrogen. Protein can be stored at -80 °C indefinitely. 

NOTE: Adjust pH of elution buffer to 7.4.

1.2.7. Quantify protein concentration by amido black protein assay9 and assess purity by SDS-PAGE and Coomassie staining. 

2. Reconstitution of recombinant atlastin into liposomes

2.1. Liposome production by extrusion method10

2.1.1. Make lipid mix stocks in chloroform (10 mM total lipid). The necessary lipids are 1-palmitoyl-2-oleoyl-glycero-3-phosphocholine (POPC), 1,2-dioleoyl-sn-glycero-3-phospho-L-serine (DOPS), 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine-N-(7-nitro-2-1,3-benzoxadiazol-4-yl) (NBD-DPPE), and 1,2-dipalmitoyl-sn-glycero-3-phosphoethanolamine-N-(lissamine rhodamine B sulfonyl) (Rh-DPPE). Acceptor liposomes consist of POPC: DOPS (85:15 molar ratio) and donor liposomes of POPC:DOPS:Rh-PE:NBD-PE (83:15:1.5:1.5 molar ratio). 

NOTE: While POPC:DOPS lipid mixes have been traditionally used for in vitro lipid mixing assays, alternative lipid compositions may be adapted for different experimental purposes. POPC:DOPS liposomes are very stable and harder to fuse, therefore is a very stringent system for fusion. 

2.1.2. Add 1 μCi/mL of L-α-dipalmitoyl-phosphatidylcholine (choline methyl-3H) to lipid mixes in order to determine lipid concentrations at later steps by liquid scintillation counting. Reserve at least 8 μL of this stock.

2.1.3. Transfer desired amount of lipid mixes to flint glass tubes.

2.1.4. Dry the lipid mixes under a gentle stream of N2 gas for ~10 min until no more chloroform is visible.

2.1.5. Dry the lipid film further in a desiccator by vacuuming for 30 min.

2.1.6. Add enough aqueous A100 with 10% glycerol, 2 mM 2-mercaptoethanol, and 1 mM EDTA to the lipid film and bring back the concentration to 10 mM. Resuspend the lipid film by vortexing lightly for 15 min at room temperature. A vortexer that can accommodate flint glass tubes is recommended.  

2.1.7. Freeze-thaw the hydrated lipids in liquid nitrogen ten times. After freezing in liquid nitrogen, thaw the liposomes by letting the solution sit at room temperature for 30 s, then transfer to water for faster thawing. This freeze-thaw cycling will minimize multilamellar vesicles.    

CAUTION: Tubes may crack if they contain volumes larger than 0.5 mL and if they are transferred directly form liquid nitrogen to water. 

2.1.8. Pass the lipid through polycarbonate filters with 100 nm pore size 19 times using mini-extruder.

2.1.9. Determining total lipid concentration of liposomes by scintillation counting

NOTE: Some of the lipid may be left behind in glass tubes and in mini-extruder.

2.1.9.1. Add 4 μL of lipid stock and liposomes in 3 mL of scintillation cocktail.

2.1.9.2. Measure average counts per minute (CPMA) for stock and liposomes. And calculate liposomes concentration with the following formula:

[Liposomes]= [stock]

2.1.10. Store the liposomes at 4 °C for up to a week. Longer storage is not recommended as liposomes might aggregate with time, decreasing reconstitution efficiencies. 

2.2. Reconstitution by detergent assisted incorporation into preformed liposomes 

2.2.1. Calculate the amount of buffer, protein, liposomes and extra detergent to be mixed together:

2.2.1.1. Determine the desired total volume. This volume is made up of buffer A100 with 10% glycerol, 2 mM 2-mercaptoethanol, and 1 mM EDTA.  Volumes less than 250 μL do not mix well in 0.5 mL microcentrifuge tubes.

2.2.1.2. Calculate the volume of liposomes needed to give a final lipid concentration of about 1 mM. Subtract the volume from the buffer volume.

2.2.1.3. Calculate the volume of protein needed to give the desired protein to lipid molar ratio (usually 1:400).  Decrease the buffer volume accordingly.  

2.2.1.4. Determine how much extra detergent needs to be added to saturate the liposomes aiming for an effective detergent to lipid ratio (Reff) between 0.64-0.8. Remember to consider the detergent that is added with the protein. The (Reff) is determined by the equation Reff = . Dtotal is the total detergent concentration and Dwater is the monomeric detergent concentration (0.18 mM for TX-100 and Anapoe X-100 in the presence of detergent)4,11.  

2.2.2. Mix the solutions together in a 0.5 mL tube in the following order: buffer, detergent, protein, and liposomes. Add the liposomes rapidly and vortex immediately for 5 s to homogenize the mixture.
 
2.2.3. Incubate the reaction in a nutator for 1 h at 4 °C. 

2.2.4. Make 0.2 g/mL nonpolar polystyrene adsorbent bead “slurry” in water.  

NOTE: Make the polystyrene adsorbent bead “slurry” during previous the 1 h incubation in step 2.2.3.

2.2.5. Weigh out 0.2 g of polystyrene adsorbent beads and transfer to a microcentrifuge tube.

2.2.6. Degas the beads by adding 1 mL of methanol to the tube and mix for 1 min. Degassed beads will sink. 

2.2.7. Aspirate the methanol and add water to the beads. Let the beads mix with water for 5 min, then aspirate the water. Repeat four times, then bring the polystyrene adsorbent bead “slurry” to 1 mL volume with water and a final concentration of 0.2 g/mL.

NOTE: Beads should still settle to the bottom of the tube. If they do not, degas again.

2.2.8. Calculate the amount of polystyrene adsorbent beads needed to absorb all the detergent in each sample. 1 g of polystyrene adsorbent beads absorbs 70 mg of TX-100. To calculate the volume of polystyrene adsorbent bead slurry needed for each reaction, divide the total detergent in the reaction (step 2.2.1.4) by 70 mg, and then by the concentration of the bead slurry (0.2 g/mL (step 2.2.7). 

2.2.9. Transfer calculated amount of polystyrene adsorbent bead slurry to a 0.5 mL tube and aspirate the water.  

NOTE: Cut the end of a 20-200 µL tip to transfer the beads, vortex the tube just prior to pipetting to resuspend settled beads.

2.2.10. Add the samples to the 0.5 mL tube containing polystyrene adsorbent beads and incubate the sample nutating for 1 h at 4 °C.

2.2.11. Repeat twice leaving old beads behind and transferring the sample to fresh beads.

2.2.12. Add the sample to a fourth tube with fresh beads and incubate overnight (~15-18 h) at 4 °C.

2.3. In the morning, remove the sample from polystyrene adsorbent beads and pellet insoluble protein aggregates by centrifuging for 10 min at 16,000 x g at 4 °C.  

2.4. Recover the supernatant and determine the final lipid concentration by liquid scintillation counting (see step 2.1.9.2). Optionally, protein concentration may be determined by amido black protein assay9. 

NOTE: For atlastin proteoliposomes, enzymatic assays should be performed with fresh liposomes. Long storage at 4 °C or freezing leads to significant loss in atlastin activity.

3. Lipid mixing assays

3.1. Bring the donor and acceptor proteoliposomes to a concentration of 0.15 mM each in A100 with 10% glycerol, 2 mM β-mercaptoethanol, 1 mM EDTA and 5 mM MgCl2. Each reaction (50 μL) should be added to a well in a flat white 96 well plate suitable for fluorescence readings. Prepare at least 4 reactions including a triplicate, and a no-GTP negative control. 

3.2. Place the plate in a preheated plate reader at 37 °C. Measure NBD fluorescence (excitation 460 nm and emission 535 nm) for 5 min every minute. 

3.3. Induce fusion by adding 5 mM GTP (5 μL of 50 mM GTP). 

3.4. Measure NBD fluorescence every minute for 1 h. 

3.5. Add 5 μL of 2.5% w/v n-Dodecyl β-D-maltoside to dissolve the proteoliposomes and measure the maximum NBD fluorescence. Read NBD fluorescence for 15 min every minute.

4. Liposome floatation on iohexol discontinuous gradient12 

4.1. (optional) Analyze the efficiency of reconstitution by floatation assays13. 

4.2. Prepare an 80% and a 30% w/v iohexol in A100 with 10% glycerol, 2 mM 2-mercaptoethanol, and 1 mM EDTA. Iohexol does not dissolve readily, so this must be prepared a day before by nutating overnight at 4 °C.  

4.3. Thoroughly mix 150 μL of 80% iohexol stock with 150 μL of proteoliposomes sample to bring it to a 40% iohexol. Add this to a 5 x 41 mm Ultra-clear tube avoiding bubbles. 

4.4. Layer 250 μL of 30% iohexol stock slowly on top of the sample to make a middle layer. Avoid any bubbles and disturbing the bottom layer.  On top of the middle layer, slowly add 50 μL of A100 with 2 mM 2-mercaptoethanol and 1 mM EDTA. 

4.5. Centrifuge the gradient in a swinging bucket rotor at 220,000 x g for 4 h at 4 °C with slow acceleration and no break. 

4.6. Harvest the layers of the gradient and analyze by SDS-PAGE and Coomassie stain, quantification may be done by densitometry. Reconstituted protein should float to the top layer, while protein and lipid aggregates will sediment at the bottom or in the middle layer. 

5. Analysis of orientation of reconstituted protein by thrombin proteolysis

NOTE: The atlastin construct reported here has a thrombin cut site between the end of the N-terminal GST tag and the beginning of atlastin. Atlastin in the correct orientation will have this cut site accessible to the protease, while protein in the wrong orientation will be protected by the lipid bilayer.

5.1.  To assay atlastin proteoliposome orientation, reserve at least 8 μL of fresh reconstituted proteoliposomes. 

5.2. Add 8 μL of proteoliposomes and 1 μL of 1 U/μL thrombin. Incubate at 37 °C for 1 h.

5.3. Quench the protease with 1 μL of 5 mg/mL of EDTA-free protease inhibitor cocktail and incubate for 30 min at 37 °C.   

5.4. Analyze the sample by SDS-PAGE and Coomassie stain. Proportion of cleaved and uncleaved protein may be determined by densitometry. 

REPRESENTATIVE RESULTS: 
The efficiency of atlastin reconstitution is presented in Figure 2. Reconstituted proteoliposomes were floated in an iohexol discontinuous gradient. Unincorporated protein was sedimented in the bottom layer (B) or in the middle layer (M). Reconstituted protein would float to the top layer (T). Samples of the gradient were harvested and analyzed by SDS-PAGE and Coomassie staining. The quantification of the gel by densitometry shows a very high efficiency of reconstitution with negligible loses; 96% of the total protein was found as proteoliposomes that floated to the top layer (T). Less than 1% of protein was unreconstituted and found in the middle layer (M), and only 3% was unreconstituted or aggregated and sedimented to the bottom layer (B). 

In addition to describing the extent of reconstitution, analyzing the orientation of atlastin after reconstitution was quantified by thrombin cleavage assays14. Reconstituted protein could potentially be in the wrong orientation, that is, facing the lumenal space of the liposome. Protein in the wrong orientation should be protected from proteolysis by the lipid bilayer. A thrombin cleavage site is coded between the end of the N-terminal GST tag and the beginning of atlastin. Floated proteoliposomes were incubated with thrombin for 1 h at 37 °C, followed by a 30 min inactivation with EDTA-free protease inhibitor. Samples were analyzed by SDS-PAGE and Coomassie stain and quantified by densitometry Figure 3.  As a negative control, a sample of untreated proteoliposomes is shown in the left lane. Detergent solubilized proteoliposomes (right lane) served as a positive control and to show the extent of thrombin cleavage, with only 1% left un-cleaved. In all, this assay shows that most of the reconstituted protein was cleaved with only 7% being protected from the protease (middle lane). It is worth noting that the remainder of uncut protein may be a result of reconstituted protein aggregates that may not have the cut site accessible. In all, these results describe a robust system for reconstituting atlastin.   

The kinetics and the extent of atlastin-mediated proteoliposome fusion were analyzed by lipid mixing assays (Figure 1). A sample of atlastin fusion kinetics and quantification are shown in Figure 4. The full kinetic run is depicted in Figure 4A. A 5 min incubation was done before inducing fusion with GTP at the zero timepoint and after 1 h, n-Dodecyl β-D-maltoside was added to solubilize the proteoliposomes and get the maximum FRET release. The fusion maximum in the run was of 11% of maximum fluorescence (Figure 4B,C). Uninduced (No GTP) controls can be used to determine the background baseline.  

FIGURE AND TABLE LEGENDS: 
Figure 1. Fusion assay model of liposome fusion. A population of labeled liposomes with fluorescently tagged fluorescent donor lipids NBD-phosphatidylethanolamine (represented as green spheres) and the acceptor rhodamine- phosphatidylethanolamine (represented as red spheres) is mixed with an unlabeled pool of liposomes. Before fusion, NBD’s fluorescence is low due to the proximity with the acceptor fluorophore, rhodamine. Upon fusion with unlabeled liposomes a surface area increase leads to dilution of the probes and a FRET release of NBD can be measured. 

Figure 2. Reconstitution efficiency analyzed by floatation assays. Reconstitution efficiency of atlastin can be measured by floatation of proteoliposomes in an iohexol discontinuous gradient. Reconstituted protein should float as proteoliposomes to the top layer (T), while unreconstituted and aggregated protein should sediment to the bottom layer (B) or the middle layer (M). A Coomassie-stained SDS-PAGE gel was quantified by densitometry and measured 96% of the total protein floated as proteoliposomes with negligible loses (~4%). 

Figure 3. Analysis of reconstituted atlastin in proteoliposomes by protease digestion. Recombinant atlastin has a N-terminal GST tag followed by a thrombin cut sequence. Proteoliposomes of recombinant atlastin were treated with the serine protease thrombin to analyze the orientation of the reconstituted protein in respect to the lipid bilayer. After thrombin treatment the protease is inhibited and the samples are analyzed by SDS-PAGE, Coomassie stain, and quantified by densitometry. The presented proteoliposomes have a low proportion of protected protein, with only 4% that remained undigested (middle lane). As a positive control some proteoliposomes were solubilized with detergent (0.5% TX100) (right lane); the negative control, untreated proteoliposomes, was not cleaved (left lane).     

Figure 4. Lipid mixing assays of atlastin proteoliposomes. (A) Sample kinetic trace of fusion reaction with a 5 min incubation time before inducing fusion with GTP at 0 min. After 1 h run, detergent solubilization (black arrow) was used to determine the maximum FRET release of NBD. (B) Zoomed in view of the trace from timepoint 0 to 1 h with and (C) average fusion (n=3) of 11.3%.    

DISCUSSION: 
The methods here delineate an efficient method for purifying, reconstituting, and measuring fusion activity of recombinant atlastin. To ensure high yields of functional atlastin some critical steps must be considered. Expression of atlastin must be done at low temperatures (16 °C) to avoid aggregation and one should aim for a final concentration between 0.4-1.5 mg/mL. Very dilute protein will not be reconstituted optimally at a 1:400 protein to lipid ratio. Reconstitution efficiency can be optionally analyzed by floatation assays described here (Figure 2). One of the advantages of liposomes floatation assays is that they can be extended to analyze soluble proteins that associate with lipid bilayers13.  Additionally, orientation of the reconstituted protein may be also analyzed by protease digestion14, however, this may not differentiate between reconstituted misfolded or aggregated protein or reconstitution in the wrong orientation (Figure 3). The proteoliposomes developed by this method can be applied to assay for fusion or for studies of atlastin in a model lipid bilayer. While making the reconstitution procedure is relatively simple, small deviations from optimal detergent and lipid concentrations may reduce efficiencies of reconstitution. For example, an excessive amount of detergent may lead to liposome solubilization.  

Lipid mixing assays require a pool of donor and acceptor liposomes (Figure 1). This method uses radioactivity by tritiated lipid for quantification of lipid concentration at every step. However, alternative quantification methods have been reported using the intrinsic fluorescence of donor liposomes and acceptor liposomes with dansyl-phosphoethanolamine15,16. Sizing of liposomes can also be modified during extrusion, as the polycarbonate membrane pore size can be adjusted accordingly. 

While lipid mixing assays are an efficient way to analyze fusion, it may not differentiate between fusion and hemifusion. Several studies visualizing atlastin proteoliposomes after fusion by electron microscopy15 and by lipid fluorescence16,17 further support full fusion of atlastin. However, when analyzing specific atlastin mutants or other fusion proteins, it is of interest to ensure full fusion. Additional steps to troubleshoot this could be done by quenching the outer leaflet with dithionite and measuring inner leaflet lipid mixing. Alternative fusion assays, such as inner aqueous content mixing may be employed for this, however, additional steps and dialysis of liposomes will be necessary.

It is of interest that this method can be applied to other membrane proteins for in vitro studies of proteins in model lipid bilayers. Other membrane proteins have been reported to reconstitute with this method16,17. This method can therefore be applied to a variety of membrane and fusion proteins.
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