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S1. Materials
N-Acyl-4-sphingenyl-1-O-phosphorylcholine (egg sphingomyelin, egg SM), 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphoethanolamine (16:0/18:1 PE, POPE) 1-palmitoyl-2-oleoyl-sn-glycero-3-phospho-(1'-rac-glycerol) (sodium salt) [16:0/18:1 PG, POPG] were purchased from Avanti Polar Lipids (Alabaster, AL) and used as received. Lipid stock solutions were prepared by dissolving the dry lipid powder in either HPLC-grade chloroform (ACP Chemicals Inc., Saint Lonard, QC) or in a combination of HPLC-grade chloroform and HPLC-grade methanol (Sigma-Aldrich, Oakville, ON) in a 2:1 ratio respectively. Methyl-beta-cyclodextrin (mCD) was purchased from Sigma-Aldrich (Oakville, ON) and prepared as a 35 mM stock solution in ultrapure H2O. The sucrose was purchased from Sigma-Aldrich (Oakville, ON) and prepared as a 0.632 M stock solution in ultrapure H2O. Sodium chloride was purchased from Sigma-Aldrich (Oakville, ON) and prepared as a 20 mM solution in D2O. Praseodymium() nitrate hexahydrate (Pr(NO3)3 6 H2O) [Pr3+] was purchased from Sigma-Aldrich (Oakville, ON) and prepared as 40 mM stock solution in D2O. The deuterated chloroform (CDCl3) was purchased from Cambridge Isotopes (Andover, MA). Ultrapure H2O was obtained from a Milli-Q purification system (Millipore-Sigma, Oakville, ON) and 99.9% D2O was purchased from Cambridge Isotopes (Andover, MA). 
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Figure S1: A) Most abundant sphingomyelin structure in ESM. B) Structure of POPE. C) Structure of POPG.







S2. Preparation of Asymmetric Vesicles

POPE (acceptor) and ESM (donor) lipid films were prepared by transferring the desired volumes of stock lipid solutions to separate glass scintillation vials. Bulk organic solvent was removed under gentle house vacuum and the resulting films were dried overnight (~12 h) under vacuum at 50 °C. POPE films were doped with 5 mol% POPG to help facilitate unilamellarity. 
Donor multilamellar vesicles (MLVs) were prepared by hydrating the ESM film with 0.632 M sucrose solution to a lipid concentration of 20 mg/mL. The film was preheated to 50 °C before hydration, followed by incubation at 50 °C with intermittent vortexing to fully disperse the lipids. The donor MLVs were then subjected to 3 freeze/thaw cycles at -80 °C and 50 °C with intermittent vortexing. The donor MLVs were diluted 20-fold with H2O, immediately followed by centrifugation at 20,000 x g for 30 minutes. The resulting supernatant was discarded, and the pellet was re-suspended with the 35 mM mβCD solution to an 8:1 mβCD to lipid ratio. The donor lipid/mβCD mixture was then incubated at room temperature for 2 h with mild stirring (~250 rpm). 
Acceptor large unilamellar vesicles (LUVs) were prepared by hydrating the POPE film with the 20 mM NaCl solution to a lipid concentration of 10 mg/mL. The subsequent MLVs were then subjected to 5 freeze/thaw cycles at -80 °C and 50 °C including vortexing after each thawing step. The acceptor LUVs were prepared by a Nanosizer AUTO Liposome Extruder (T & T Scientific, Knoxville, TN) equipped with 100 nm polycarbonate filter (T & T Scientific, Knoxville, TN). The lipid suspension was passed through the filter 31 times at 45 °C. 
Asymmetric large unilamellar vesicles (aLUVs) were prepared by combining the acceptor LUVs to the donor/mβCD mixture at a ESM:POPE molar ratio of 2:1. Prior to bringing the donors and acceptors together, the donor/mβCD slurry temperature was raised to 35 °C. The donor/mβCD/acceptor mixture was then stirred gently (at 35 °C) for 30 minutes, followed by an 8-fold dilution with H2O and centrifugation at 20,000 x g for 45 minutes. The supernatant was carefully removed as not to disturb the pellet. The supernatant was concentrated to ~10 mL using an Amicon Stirred Cells (Millipore-Sigma, Oakville, ON) with a pre-washed 100 kDa Ultrafiltration Disc (Millipore-Sigma, Oakville, ON). The unwanted sucrose and mβCD was removed from the asymmetric LUVs via consecutive dilution/concentration cycles with D2O to a total H2O/D2O dilution of 1000x. On the aLUVs wash/concentration the volume was brought ~6 mL of concentrated aLUVs. 

S3. Determination of Bilayer Composition Via NMR
The relative lipid composition of the aLUV was determined via 31P-NMR. Water was removed from an aLUV aliquot using a CentriVap Benchtop Centrifugal Vacuum Concentrator (Labconco, Kansas City, MO) for 16 h at 50 °C to ensure all the water was removed. The resulting film was dissolved with ~1 mL of deuterated chloroform (CDCl3) to a lipid concentration of ~1 mg/mL. 700 µL was loaded into an NMR tube for 31P-NMR measurement. 31P-NMR spectra were collected on an Advance III 500 MHz spectrometer (Bruker, Billerica, MA) using Bruker TopSpin acquisition software, and analyzed with TopSpin 3.5. The observed chemical shifts were relative to the external standard for 31P (85% H3PO4). The mole fraction (χ) of the POPE and ESM were determined by the intensity under the respective peaks. 
The relative distribution ESM between the aLUV leaflets was determined via 1H-NMR and the addition of a Pr3+ shift reagent as outline in Doktorova et al. (2018). 1H-NMR spectra were collected on an Avance III 600 MHz spectrometer (Bruker, Billerica, MA) using Bruker TopSpin acquisition software, and analyzed with TopSpin 3.5. The overall lipid organization of the aLUVs was calculated from the χ values determined from 31P-NMR and the distribution of ESM from 1H-NMR following the procedures for Heberle et al. (2016) and Doktorova et al. (2018). The composition of our aLUVs is summarized in Table S1. 

Table S1: aLUV leaflet compositions prepared from POPE acceptor and ESM donor, determined from 31P-NMR and 1H-NMR.
	Component
	χ
	fout
	χout
	χin

	ESM
	0.25
	0.89
	0.44
	0.06

	POPE
	0.75
	--
	0.56
	0.94

	Total
	1
	
	1
	1




S4. Preparation of Symmetric Control Vesicles 
LUVs were prepared by transferring the desired volumes of stock lipid solutions to achieve the desired ratio. Bulk organic solvent was removed under a gentle stream of N2 and the resulting films were dried overnight (~12 h) under vacuum at 50 °C. All symmetric LUV films were doped with 5 mol% POPG to help facilitate unilamellarity. Films were hydrated with the 20 mM NaCl solution to a lipid concentration of 20 mg/mL. One POPE control was hydrated with pure D2O. The hydrated films were subjected to 5 freeze/thaw cycles at -80 °C and 50 °C with intermittent vortexing after each thawing step. LUVs were generated by a Nanosizer AUTO Liposome Extruder (T & T Scientific, Knoxville, TN) equipped with 100 nm polycarbonate filter (T & T Scientific, Knoxville, TN). The vesicle suspensions were passed through the filter 31 times at 45 °C. LUVs were then subjected to the same D2O washing/concentration steps as the aLUVs. The LUV controls were: POPE, POPE (hydrated with pure D2O), ESM:POPE (1:1), ESM:POPE (4:1) and ESM. 


S5. Neutron Spin-Echo (NSE) Spectroscopy
Our data was taken on the spectrometer located on the NGA guide at the NIST Center for Neutron Research (NCNR). The momentum transfer q ranged from 0.045 Å-1 - 0.09 Å-1. The wavelengths used in this experiment were 8 Å, allowing the higher region of the scattering vector to be reached, and 11 Å, which was chosen to access the lower momentum transfer regions at the expenditure of reduced beam intensity. The cells used for the NSE measurements had a path length of 1 mm. The subsequent NSE data was reduced using Data Analysis and Visualization Environment (DAVE) software package [3]. 

S6. SANS and SAXS Measurements
[bookmark: _GoBack]SANS measurements were conducted on the NGB 30m SANS instrument located at the National Institute of Standards and Technology Center for Neutron Research (NCNR, Gaithersburg, MD). Wavelengths of 6 Å and 8 Å were used, as well as three sample-to-detector distances (1.33m, 4 m, and 13.2 m), to access a scattering vector range of approximately 0.001 to 0.5 Å-1. The scattered beam was counted on a 2D 3He detector and radially-averaged to produce 1D scattering curves of total intensity against the scattering vector (I vs q). Data were reduced using Igor Pro and NCNR developed reduction scripts.
Small angle X-ray Scattering (SAXS) LUV data were collected with a Rigaku BioSAXS-2000 small angle instrument outfitted with a Pilatus 100K detector and a HF007 rotating copper anode (Rigaku Americas, The Woodlands, TX). 
aLUV and LUV data were collected at 288 K, 303 K and 318 K. SAXS data were analyzed by the joint refinement of SAXS and SANS data using a symmetric 5-strip model similar to references 4 & 5. 
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Figure S2: Intermediate scattering function measured by NSE for the ESM control at T = 288 K (top), 303 K (middle), and 318 K (bottom). The legend below displays the various colors/patterns in the decay plot that correspond to the different wavenumber transfer values. Error bars represent one standard deviation.
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Figure S3: Intermediate scattering function measured by NSE for the asymmetric LUV at T = 288 K (top), 303 K (middle), and 318 K (bottom). The legend below displays the various colors/patterns in the decay plot that correspond to the different wavenumber transfer values. Error bars represent one standard deviation.
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Figure S4: Intermediate scattering function measured by NSE for the POPE control (with NaCl) at T = 288 K (top), 303 K (middle), and 318 K (bottom). The legend below displays the various colors/patterns in the decay plot that correspond to the different wavenumber transfer values. Error bars represent one standard deviation.
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Figure S5: Intermediate scattering function measured by NSE for the POPE/ESM (1:1) control at T = 288 K (top), 303 K (middle), and 318 K (bottom). The legend below displays the various colors/patterns in the decay plot that correspond to the different wavenumber transfer values. Error bars represent one standard deviation.
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Figure S6: Intermediate scattering function measured by NSE for the POPE/ESM (1:4) control at T = 288 K (top), 303 K (middle), and 318 K (bottom). The legend below displays the various colors/patterns in the decay plot that correspond to the different wavenumber transfer values. Error bars represent one standard deviation.
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Figure S7: Intermediate scattering function measured by NSE for the POPE control (without NaCl) at 303 K (top), and 318 K (bottom). The legend below displays the various colors/patterns in the decay plot that correspond to the different wavenumber transfer values. Error bars represent one standard deviation.
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