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Hydrophobic

Hydrophilic

• A new series of poly(styrene-co-maleic
acid-co-(N-benzyl)maleimide) (BzAM)
terpolymers was developed to replicate
and enhance the performance of the
industry-standard poly(styrene-co-
maleic acid) (SMA).1-2

• These enable a systematic investigation
of how polymer characteristics influence
membrane solubilization.

Sample
Soluble

pH 
range

[Mg2+] 
(mM)

[Ca2+] 
(mM)

Average lipid-
only nanodisc
diameter (nm)

SMA2000 5.5–10 5 5 5.4 (±0.4)

SMA1000 4–10 10 5 16.5 (±9.8)

0.05 BzAM 5–10 10 5 11.5 (±1.3)

0.10 BzAM 5–10 8 5 6.2 (±0.5)

0.15 BzAM 5.5–10 8 5 6.6 (±0.7)

0.20 BzAM 5.5–10 5 5 7.3 (±1.1)

0.25 BzAM 6–10 5 5 7.3 (±0.9)

0.30 BzAM 6–10 5 5 6.6 (±0.3)

0.35 BzAM 7–10 5 2 7.0 (±1.6)

0.40 BzAM 7–10 <5 2 7.2 (±0.9)

Summary of polymer and lipid-only nanodisc properties
under various biophysical conditions including pH, [Mg2+] and
[Ca2+], (mM), and average lipid-only nanodisc diameter (nm). Small angle neutron scattering (SANS)
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Self-assembly

• A series of terpolymers were synthesized from an alternating base copolymer (poly(styrene-
alt-maleic anhydride), SMAnh) using RAFT polymerization.2

• Anhydride groups are partially modified and in turn the hydrophobicity in gradually increased
across the series.

Characterization with AF4
and SEC will allow
comparison of nanodisc sizes
to those obtained from
routinely used dynamic light
scattering (DLS).
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Results

AF4 versus SEC SANS

Dynamic light scattering (DLS)

Hydrophobicity

SANS enables investigation
of structures at a scale
ranging from 1 nm to 1000
nm, providing insights into
the fine details of the
nanodisc architecture.

This study investigates
the effect of different
polymer compositions
and lipid systems on
nanodisc size and
formation efficiency.

We examine the relationship between
polymer hydrophobicity, aggregate size, and
nanodisc size, as well as the influence of
acyl chain length and unsaturation in lipids.

Each technique offers
distinct advantages and
limitations for nanodisc size
determination.3-4

• SEC provides better separation between
nanodisc and polymer.

•Nanodiscs increase in size with decreasing
polymer concentration.

• Decreasing the polymer concentration
enables us to obtain the internal structure.

• BzAM20 forms aggerates in solution
compared to SMA2000 and BzAM35.

• Buffer: 50 mM sodium phosphate + 150 mM NaCl

• Lipids (powder) + buffer + vortex for 60s

• Extrude through 200 nm membrane 27-fold

Prepare liposome stock solution – 10 mg/mL

Prepare polymer stock solution – 0.31% - 5% w/v

1

• Polymer (powder) + buffer

2

Combine equal volumes of polymer and liposome 
stock solution

3

• The isolation and analysis of membrane proteins are frequently challenged by the limitations
of conventional detergent-based techniques.

• Amphiphilic polymers offer an alternative by forming nanoscale discs that help maintain the
structural and functional integrity of MPs.

Multi-detection asymmetric flow field-flow fractionation (AF4) and size 
exclusion chromatography (SEC)

(1) Lee, S. C.; Knowles, T. J.; Postis, V. L. G.; Jamshad, M.; Parslow, R. A.; Lin, Y. P.; Goldman, A.; Sridhar, P.; Overduin, M.; Muench, S. P.; Dafforn, T. R. A Method for
Detergent-Free Isolation of Membrane Proteins in Their Local Lipid Environment. Nat. Protoc. 2016, 11 (7), 1149–1162. https://doi.org/10.1038/nprot.2016.070.
(2) Kuyler, G. C.; Barnard, E.; Sridhar, P.; Murray, R. J.; Pollock, N. L.; Wheatley, M.; Dafforn, T. R.; Klumperman, B. Tunable Terpolymer Series for the Systematic
Investigation of Membrane Proteins. Biomacromolecules 2025, 26 (1), 415–427. https://doi.org/10.1021/acs.biomac.4c01219.
(3) Bian, J.; Gobalasingham, N.; Purchel, A.; Lin, J. The Power of Field-Flow Fractionation in Characterization of Nanoparticles in Drug Delivery. Molecules 2023, 28 (10),
1–26. https://doi.org/10.3390/molecules28104169.
(4) Kaupbayeva, B.; Murata, H.; Matyjaszewski, K.; Russell, A. J.; Boye, S.; Lederer, A. A Comprehensive Analysis in One Run - in-Depth Conformation Studies of Protein-
Polymer Chimeras by Asymmetrical Flow Field-Flow Fractionation. Chem. Sci. 2021, 12 (41), 13848–13856. https://doi.org/10.1039/d1sc03033g.

Cross flow out Permeable membrane

Impermeable plateInjection

AF4

SEC

Hydrodynamic size

E-mail: zstanvliet@sun.ac.za


