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Buffers used for membrane solubilisation assays
All buffers were generated as a 100 mL stock, with a total concentration of 0.125 M. This concentration of buffer components was chosen to achieve a final ionic strength of 0.1 M for the aqueous lipid film (resuspended in dH2O) diluted in the desired buffer. The different buffering salts used for pH titration are shown in Table 1. 
NaCl, Mg2+, Ca2+ stocks were buffered with 10 mM HEPES to a pH of 7.4 from a 0.5 M stock solution. The desired ionic concentration was obtained with measured aliquots of 5 M NaCl stock solution. Divalent cation titration buffers were obtained from master stocks of magnesium chloride (1 M MgCl2), and calcium chloride (1 M CaCl2) and had a consistent ionic strength of 0.125 M throughout the divalent cation titration range, with a final ionic strength of 0.1 M during measurement. 


Table 1: Summary of all pH buffer stock mixtures used for OD350 solubilisation assays. Stocks were prepared at 1.25x concentration, to account for the dilution required for lipid dispersion addition. Ionic strength is reported as final concentration (the concentration found within the plates during measurement of OD350). * denotes the ionic strength for Tris calculated using online calculator tool (https://www.liverpool.ac.uk/pfg/Tools/BuferCalc/Buer.html) 
	pH value
	Buffer components
	Calculated ionic strength (M)

	3.0
	0.33 g Sodium citrate dihydrate, 2.19 g Citric acid 
	0.9

	4.0
	1.24 g Sodium citrate dihydrate, 1.59 g Citric acid 
	0.9

	5.0
	2.12 g Sodium citrate dihydrate, 1.02 g Citric acid 
	0.9

	6.0
	0.28 g K2HPO4, 1.50 g KH2PO4 
	0.9

	6.8
	1.00 g K2HPO4, 0.92 g KH2PO4 
	0.9

	7.0
	1.17 g K2HPO4, 0.79 g KH2PO4 
	0.9

	7.2
	1.34 g K2HPO4, 0.65 g KH2PO4 
	0.9

	7.4
	1.52 g K2HPO4, 0.52 g KH2PO4 
	0.9

	7.6
	1.69 g K2HPO4, 0.38 g KH2PO4 
	0.9

	7.8
	1.86 g K2HPO4, 0.25 g KH2PO4 
	0.9

	8.0
	2.03 g K2HPO4, 0.11 g KH2PO4 
	0.9

	8.5
	1.514 g Tris-HCl 
	0.016*

	9.0
	1.514 g Tris-HCl 
	0.005*

	10.0
	0.49 g NaHCO3 , 0.71 g Na2CO3 
	0.4
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SI Figure 1 – OD350 of pH screening. Absorbance at 350 nm for (A) DMPC membranes and (B) POPC:POPG (3:1) membranes, black line shows absorbance of membrane prior to polymer addition (averaged for all polymer samples). Polymers (SMA 3:1 – orange, SMA 2:1 – red, DIBMA – green, PMA – blue) were added at 1.5x membrane weight (w/w), to a final concentration of 1.5%, and incubated at 37oC for 1 hour with gentle agitation. 
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SI Figure 2 – OD350 of NaCl screening. Absorbance at 350 nm for (A) DMPC membranes and (B) POPC:POPG (3:1) membranes, black line shows absorbance of membrane prior to polymer addition (averaged for all polymer samples). Polymers (SMA 3:1 – orange, SMA 2:1 – red, DIBMA – green, PMA – blue) were added at 1.5x membrane weight (w/w), to a final concentration of 1.5%, and incubated at 37oC for 1 hour with gentle agitation. 
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SI Figure 3 – OD350 of Mg2+ screening. Absorbance at 350 nm for (A) DMPC membranes and (B) POPC:POPG (3:1) membranes, black line shows absorbance of membrane prior to polymer addition (averaged for all polymer samples). Polymers (SMA 3:1 – orange, SMA 2:1 – red, DIBMA – green, PMA – blue) were added at 1.5x membrane weight (w/w), to a final concentration of 1.5%, and incubated at 37oC for 1 hour with gentle agitation. 
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SI Figure 4 – OD350 of Ca2+ screening. Absorbance at 350 nm for (A) DMPC membranes and (B) POPC:POPG (3:1) membranes, black line shows absorbance of membrane prior to polymer addition (averaged for all polymer samples). Polymers (SMA 3:1 – orange, SMA 2:1 – red, DIBMA – green, PMA – blue) were added at 1.5x membrane weight (w/w), to a final concentration of 1.5%, and incubated at 37oC for 1 hour with gentle agitation. 
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SI Figure 5 – OD350 of NaCl screening. Absorbance at 350 nm for POPC:POPE (3:1) membranes, black line shows absorbance of membrane prior to polymer addition (averaged for all polymer samples). Polymers (DIBMA – green, PMA – blue) were added at 1.5x membrane weight (w/w), to a final concentration of 1.5%, and incubated at 37oC for 1 hour with gentle agitation. 
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SI Figure 6 – DLS of Mg2+ screening. DLS measurements of polymer-lipid nanoparticles (SMA 3:1 – orange, SMA 2:1 – red, DIBMA – green, PMA – blue) after addition of polymers at 1.5x membrane weight (w/w), to a final concentration of 1.5%, and incubation at 37oC for 1 hour with gentle agitation. Samples were taken directly from OD350 measurements and filtered with 0.22 m to remove aggregates or non-solubilised membrane.
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SI Figure 7 – DLS of Ca2+ screening. DLS measurements of polymer-lipid nanoparticles (SMA 3:1 – orange, SMA 2:1 – red, DIBMA – green, PMA – blue) after addition of polymers at 1.5x membrane weight (w/w), to a final concentration of 1.5%, and incubation at 37oC for 1 hour with gentle agitation. Samples were taken directly from OD350 measurements and filtered with 0.22 m to remove aggregates or non-solubilised membrane.
















cw-EPR spectra

[image: Diagram

Description automatically generated]
SI Figure 8 Annotated EPR spectra of 1% (molar) 5-PCSL label within a 400 nm DMPC LUV. Dashed lines show A⊥ (outer pair) and A‖ (inner pair) measuring points. Temperature of measurement for each spectrum is shown in °C (C). 
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SI Figure 9 Annotated EPR spectra of 1% (molar) 5-PCSL label within DMPC-SMA 3:1 nanoparticles. Dashed lines show A⊥ (outer pair) and A‖ (inner pair) measuring points. Temperature of measurement for each spectrum is shown in °C (C). 
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SI Figure 10 Annotated EPR spectra of 1% (molar) 5-PCSL label within DMPC-SMA 2:1 nanoparticles. Dashed lines show A⊥ (outer pair) and A‖ (inner pair) measuring points. Temperature of measurement for each spectrum is shown in °C (C). 
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SI Figure 11 Annotated EPR spectra of 1% (molar) 5-PCSL label within DMPC-DIBMA nanoparticles. Dashed lines show A⊥ (outer pair) and A‖ (inner pair) measuring points. Temperature of measurement for each spectrum is shown in °C (C). 
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SI Figure 12 Annotated EPR spectra of 1% (molar) 5-PCSL label within DMPC-PMA nanoparticles. Dashed lines show A⊥ (outer pair) and A‖ (inner pair) measuring points. Temperature of measurement for each spectrum is shown in °C (C). 
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[image: ]SI Figure 13 – Particle dimension according to TEM. Measurement of major axis per nanoparticle (n=100) for all four polymer types as shown by negative stain TEM. Dotted line represents the median. Black diamonds represent particle dimensions that are statistical outliers.



Particles were surveyed manually using GMS3 software. A total of 100 particles per polymer type were measured along the major axis, with the minor axis measured orthogonally. Median values were calculated through analysis with python, the reported error is the standard deviation. Eccentricity (SI Table 2) was calculated as follows:
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SI Table 2 – Particle dimensions according to negative stain TEM (average of 100 particles).
	Polymer
	Major Axis (nm)
	Std. Dev.
	Minor Axis (nm)
	Std. Dev.
	Eccentricity
	Std. Dev.

	SMA 3:1
	14.10
	2.56
	11.94
	2.06
	0.65
	0.06

	SMA 2:1
	13.66
	2.43
	11.68
	2.21
	0.65
	0.05

	DIBMA
	24.49
	3.80
	22.37
	3.73
	0.64
	0.03

	PMA
	18.83
	4.24
	15.45
	3.27
	0.68
	0.05


















Summary of published extraction conditions
SI Table 3 - Review of published conditions used to extract membrane proteins from different membranes in a detergent free manner, in order of publication date.
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	Protein
	Expression System
	Polymer
	Polymer Concentration
	pH
	NaCl conc. 
	Incubation Time
	Incubation Temp.
	Additional Conditions

	(Orwick-Rydmark et al. 2012)
	Bacteriorhodopsin (bR)
	H. salinarum 
	SMA 3:1 (Lipodisq)
	2.5% (w/v)
	8
	300 mM
	1 hr
	RT
	Solubilised in presence of DMPC LUVs

	(Sahu et al. 2013)
	KCNE1
	E. coli
	SMA 3:1 (Lipodisq)
	1.25% (w/v)
	6.5
	-
	Overnight
	4C
	Solubilisation of 3:1 POPC:POPG proteoliposomes

	(Long et al. 2013)
	Complex IV
	S. cerevisiae
	SMA 3:1 (Lipodisq)
	2x excess (w/w)
	8
	200 mM
	20 mins
	26oC
	Solubilised pre-purified mitochondria

	(Swainsbury et al. 2014)
	Reaction Center (RCs)
	Rba. sphaeroides

	SMA 2:1 (Polyscience)
	1.5% (w/v)
	8
	100 mM
	1 hr
	RT
	-

	(Gulati et al. 2014)
	ABCB1, ABCC1, ABCC4, ABCG2, ABCC7

	Trichoplusia ni

	SMA 2:1 (Polyscience)
	2.5% (w/v)
	8
	150 mM
	30-60 mins
	RT
	10% (v/v) glycerol)

	(Paulin et al. 2014)
	PBP2/PBP2a

	S. aureus
	SMA 2:1 (synthesised in-house)
	2.5% (w/v)
	7.6
	145 mM
	1 hr
	37oC
	20% sucrose (w/v), solubilised pre-purified membranes

	(Dörr et al. 2014)
	KcsA
	E. coli
	SMA 2:1 (Polyscience)
	3% (w/v)
	8
	300 mM
	Overnight
	RT
	Solubilised pre-disrupted membranes

	(Jamshad et al. 2015)
	hA2AR
	P. pastoris
	SMA 2:1 (Polyscience)
	2.5% (w/v)
	8
	500 mM
	20 hrs
	25oC
	10% glycerol

	(Jamshad et al. 2015)
	hA2AR
	HEK293T cells
	SMA 2:1 (Polyscience)
	2% (w/v)
	7.4
	-
	1 hr
	37oC
	1mM magnesium acetate, 1mM EGTA

	(Bell et al. 2015)
	LHC (II)
	S. oleracea
	SMA 3:1 (Polyscience)
	3% (w/v)
	7.6
	-
	20 mins
	4oC
	5mM MgCl2, 0.3M sorbitol, solubilised pre-purified thylakoids

	(Postis et al. 2015)
	AcrB
	E. coli
	SMA 2:1 (Polyscience)
	2.5% (w/v)
	8
	500 mM
	2 hrs
	RT
	10% glycerol

	(Logez et al. 2016) 
	MT1R
	CHO-K1 cells
	SMA 2:1 (Malvern)
	2.5% (w/v)
	8
	-
	*
	4oC
	Comparable results obtained with SMA 3:1 (LQ) 

	(Logez et al. 2016)
	GHS-R1a

	CHO-K1 cells
	SMA 2:1 (Malvern)
	2.5% (w/v)
	8
	-
	*
	26oC
	Comparable results obtained with SMA 3:1 (LQ).

	(Prabudiansyah et al. 2015)
	SecYEG
	E. coli
	SMA 3:1 (Malvern)
	3% (w/v)
	8
	200 mM
	30 mins
	25oC
	-

	(Laursen et al. 2016)
	P450 Oxidoreductase (POR)
	S. bicolor
	SMA 2:1 (Polyscience)
	2.5% (w/v)
	7.9
	-
	Overnight
	4oC
	Solubilised microsomal membranes

	(Komar et al. 2016)
	SecYEG super-complex
	E. coli
	SMA 2:1 (Polyscience)
	2.5% (w/v)
	8
	130 mM
	2 hrs
	21oC
	10% glycerol

	(Voskoboynikova et al. 2017)
	NpSRII
	E. coli
	SMA 3:1 (Polyscience)
	2.5% (w/v)
	8
	150 mM
	1hr then 16 hrs
	4oC then RT
	Solubilised pre-purified proteoliposomes

	(Voskoboynikova et al. 2017)
	NpSRII/NpHtrII complex
	E. coli
	SMA 3:1 (Polyscience)
	2.5% (w/v)
	8
	150 mM
	1hr then 16 hrs
	4oC then RT
	Solubilised pre-purified proteoliposomes

	(Broecker et al. 2017)
	HwBR 

	E. coli
	SMA 3:1 (Polyscience)
	2.5% (w/v)
	8
	300 mM
	Overnight
	4oC
	Additional DMPC during solubilisation (1.5% w/v)

	(Rehan et al. 2017)
	hENT1
	Sf9 cells
	SMA 2:1 (Polyscience)
	0.25% (w/v)
	8
	500 mM
	20 hrs
	4oC
	Solubilised in presence of 0.2% cholesteryl hemisuccinate CHS (w/v)  and 10% glycerol

	(Bersch et al. 2017)
	CzcD
	E. coli
	SMA 2:1 (Polyscience)
	0.5% (w/v)
	8.5
	250 mM
	12 hrs
	RT
	In 100% D2O and 2mM TCEP

	(Bersch et al. 2017)
	CzcD
	E. coli
	SMA 3:1 (Polyscience)
	0.3% (w/v)
	8.5
	250 mM
	12 hrs
	RT
	In 100% D2O and 2mM TCEP

	(Bos et al. 2017)
	LHC PS(I)
	S. oleracea
	SMA 2:1 (Polyscience)
	3% (w/v)
	7.6
	-
	20 mins
	4oC
	5mM MgCl2, 0.3M sorbitol, solubilised in absence of light, from pre-purified thylakoid membranes

	(Reading et al. 2017)
	GlpG
	E. coli
	SMA 2:1 (Polyscience)
	2.5% (w/v)
	7.4
	500 mM
	2 hrs
	RT
	10% glycerol

	(Swainsbury et al. 2018)
	Cytochrome bc1 complex (cytbc1)

	Rba. sphaeroides

	SMA 2:1 (Polyscience)
	2.5% (w/v)
	8
	200 mM
	1 hr
	RT
	-

	(Luna et al. 2018)
	Human cannabinoid receptor 1 (CB1)

	E. coli
	SMA 2:1 (Polyscience)
	2.5% (w/v)
	8
	500 mM
	Overnight
	4oC
	-

	(Damian et al. 2018)
	GHSR:D2R heterodimer
	E. coli,
P. pastoris
	SMA 2:1 (Malvern)
	Lipid:Polymer ratio of 0.1
	8
	200 mM
	-
	25oC
	Solubilised from proteoliposomes

	(Sun et al. 2018)
	Alternative complex III (ACIII)

	F. johnsoniae

	SMA 3:1 (Polyscience)
	1% (w/v)
	8
	300 mM
	1 hr
	RT
	-

	(Teo et al. 2019)
	ZipA
	E. coli
	SMI
	5% (w/v)
	5
	200 mM
	2 hrs
	RT
	Also performed at pH 7, with similar results

	(Liu et al. 2018)
	MraY
	E. coli
	SMA 3:1 (Polyscience)
	3% (w/v)
	7.6
	150 mM
	1.5 hrs then Overnight
	25oC then 4oC
	Polymer added before cell disruption

	(Schmidt et al. 2019)
	AqpZ
	E. coli
	SMA 3:1 (Polyscience)
	3x excess (w/w)
	8
	150 mM
	Overnight
	4oC
	-

	(Barniol-Xicota and Verhelst 2018)
	GlpG
	E. coli
	SMA 3:1, SMA 2:1, DIBMA (Polyscience)
	2.5% (w/v)
	8
	500 mM
	3 hrs
	37oC
	-

	(Hellwig et al. 2018)
	KtrB
	E. coli
	SMA 3:1 (Polyscience)
	2.5% (w/v)
	8
	600 mM
	12 hrs
	RT
	600mM salt as 420mM NaCl and 180mM KCl


	(Karlova et al. 2019)
	hKCNQ1
	CHO cells
	SMA 3:1 (Polyscience)
	2.5% (w/v)
	8
	150 mM
	30 mins
	4oC
	Sonication during solubilisation, in presence of 2mM DTT

	(Teo et al. 2019)
	FtsA and PgpB
	E. coli
	SMA 2:1 (Polyscience)
	2.5% (w/v)
	8
	300 mM
	‘Until clear’
	4oC
	-

	(Prakash et al. 2019)
	G12-KRAS
	BHK cells
	SMA 3:1 (Malvern)
	2% (w/v)
	7.4
	137 mM
	1 hr
	RT
	-

	(Hardy et al. 2019)
	MRP4
	Sf9 cells
	SMA 2:1 (Polyscience)
	2.5% (w/v)
	7.5
	-
	2 hrs
	4oC
	250mM sucrose

	(D. Dutta, M. Esmaili, M. Overduin 2019)
	SOS1
	P. pastoris
	SMA 2:1 (Polyscience)
	2.5% (w/v)
	8
	200 mM
	3 hrs
	RT
	10% glycerol

	(Nakatani et al. 2020)
	NDH-2a
	E. coli
	SMA 3:1 (Polyscience)
	2.5% (w/v)
	8
	500 mM
	2 hrs
	RT
	10% glycerol

	(Routledge et al. 2020)
	A2AR
	P. pastoris
	SMA 3:1 (Polyscience)
	2.5% (w/v)
	7.5
	200 mM
	1 hr
	RT
	-

	(Tascón et al. 2020)
	KimA
	E. coli
	SMA 2:1 (Polyscience)
	2% (w/v)
	8
	400 mM
	Overnight
	4oC
	100mM KCl

	(Horsey et al. 2020)
	ABCG2
	HEK293T
	SMA 2:1 (Polyscience)
	2.5% (w/v)
	8
	150 mM
	1 hr
	RT
	-

	(Bada Juarez et al. 2020)
	Human dopamine receptor (D1)
	[bookmark: _Toc67060330][bookmark: _Toc68635959]HEK293f
	SMA 3:1 (Malvern)
	1.5x (w/w)
	8
	200 mM
	8 hrs
	4oC
	-

	(Hesketh et al. 2020)
	AcrB
	[bookmark: _Toc67060331][bookmark: _Toc68635960]E. coli
	SMA 2:1 (Polyscience)
	2.5% (w/v)
	8
	500 mM
	2 hrs
	RT
	10% glycerol

	(Ganapathy et al. 2020)
	Green proteorhodopsin (PR) and Gloebacter violaceusrhodopsin (GR)
	[bookmark: _Toc67060332][bookmark: _Toc68635961]E. coli
	SMA 2:1 (Polyscience)
	5% (w/v)
	8
	600 mM
	2-3 days
	RT
	-

	(Desrames et al. 2020)
	RBC complexes
	[bookmark: _Toc67060333][bookmark: _Toc68635962]H. sapiens
	SMA 3:1 (Malvern)
	2.5% (w/v)
	8
	150 mM
	1 hr
	RT
	Further incubation overnight at 4oC

	(Swiecicki et al. 2020)
	PglC and PglA
	[bookmark: _Toc67060334][bookmark: _Toc68635963]E. coli
	SMA 3:1, SMA 2:1, SMA 1.2:1 (Polyscience)
	2.5% (w/v)
	8
	150 mM
	2 hrs
	RT
	10mM imidazole

	(Gakhar et al. 2020)
	bR
	[bookmark: _Toc67060335][bookmark: _Toc68635964]H. salinarium
	SMA 3:1 (Polyscience)
	1.5% (w/v)
	7.4
	100 mM
	Unknown
	RT
	From purple membrane, doped with DMPC LUVs

	(Cherepanov et al. 2020)
	Cyanobacterial photosystem I (PSI)
	[bookmark: _Toc67060336][bookmark: _Toc68635965]T. elongatus
	SMA 1.4:1 (Polyscience)
	1.7% (w/v)
	9.5
	125 mM
	3 hrs
	40oC
	KCl instead of NaCl

	(Flegler et al. 2020)
	Yna1
	[bookmark: _Toc67060337][bookmark: _Toc68635966]E. coli
	DIBMA (Polyscience)
	2.5% (w/v)
	7.5
	300 mM
	20 hrs
	RT
	-

	(Ueta et al. 2020)
	RxR and HsSRI
	[bookmark: _Toc67060338][bookmark: _Toc68635967]E. coli
	SMA 2:1 (Polyscience)
	5% (w/v)
	8.5
	500 mM
	2 hrs
	RT
	HsSRI was solubilised at 4oC

	(Bernhard and Laube 2020)
	GlyR
	[bookmark: _Toc67060339][bookmark: _Toc68635968]HEK293 and X. laevis
	SMA 3:1 (Malvern)
	2% (w/v)
	8
	150 mM
	1 hr
	RT
	10% glycerol

	(Ayub et al. 2020)
	CD81
	[bookmark: _Toc67060340][bookmark: _Toc68635969]P. pastoris
	SMA 2:1 (Polyscience)
	2.5% (w/v)
	8
	150 mM
	1 hr
	RT
	Also solubilised with 20mM HEPES, 200mM NaCl and 10% glycerol (pH 8)

	(Johnson et al. 2020)
	G288D AcrB
	[bookmark: _Toc67060341][bookmark: _Toc68635970]E. coli
	SMA 2:1 (Polyscience)
	2.5% (w/v)
	8
	500 mM
	2 hrs
	RT
	-

	(Lavington and Watts 2021)
	NTSR1
	[bookmark: _Toc67060342][bookmark: _Toc68635971]Sf9 cells
	PMA
	10% (w/v)
	7.4
	500 mM
	1hr
	26oC
	-

	(Yu et al. 2021)
	GlyR
	[bookmark: _Toc67060343][bookmark: _Toc68635972]Sf9 cells
	SMA 2:1 (Polyscience)
	0.5% (w/v)
	7.6
	150 mM
	1 hr
	4oC
	-

	(Voskoboynikova et al. 2021)
	Wsc1
	[bookmark: _Toc67060344][bookmark: _Toc68635973]S. cerevisiae
	SMA 2:1 (Polyscience)
	2.5x (w/w) to cell mass
	8
	150 mM
	30 mins
	RT
	Further incubation at 4oC for 16 hours

	(Krajewska and Koprowski 2021)
	hROMK
	[bookmark: _Toc67060345][bookmark: _Toc68635974]E. coli
	SMA 3:1, SMA 2.3:1, SMA 1.2:1, DIBMA (Polyscience)
	2.5% (w/v)
	7.4
	200 mM
	Overnight
	25oC
	KCl instead of NaCl

	(Olerinyova et al. 2021)
	KcsA
	[bookmark: _Toc67060346][bookmark: _Toc68635975]E. coli
	SMA 3:1
	1% (w/v)
	8
	300 mM
	Overnight
	4oC
	15mM KCl, 10mM imidazole

	(Dilworth et al. 2021)
	hSERT
	[bookmark: _Toc68635976]P. pastoris
	DIBMA,
SMA 3:1 (Polyscience)
	2.5% (w/v)
	7.4
	150 mM
	3 hrs or 16 hrs
	RT
	10% glycerol

	(Patel et al. 2022)
	BK
	HEK293
	SMA 2:1 (Polyscience)
	2.5%
	8
	150mM
	1 hr
	RT
	-
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